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SESA PUBLICATIONS 
PROCEEDINGS THE SOCIETY FOR EXPERIMENTAL STRESS ANALYSIS 


The PROCEEDINGS are series bound comprised ment mechanical strain. Published twice annually, they 
the technical papers presented National Meetings. These include up-to-date information various phases instru- 
contain the results and descriptions analytical and experi- mentation. Currently available: 

mental investigations, well techniques for the measure- 
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CUMULATIVE INDEX—PROCEEDINGS 


Thirty-four books the PROCEEDINGS have been published 
date. This Index has been prepared serve easy 
reference any one the 546 papers which have been pub- 
lished the first thirty books. consists three parts: (1) 


chronological index, (2) author index, (3) topical index. 
represents ‘‘master reference all PROCEEDINGS 
published, from Vol. No. through Vol. XV, No. 


HANDBOOK EXPERIMENTAL STRESS ANALYSIS 
This book opens with thorough presentation mechanical 
properties. presents practical, usable information on: measurements, theory elasticity and precision measure- 
mechanical, electrical and optical gages, brittle coatings, ments. Stiff cloth binding—contains 1060 pages text. 


MANUAL EXPERIMENTAL STRESS ANALYSIS TECHNIQUES 


photoelasticity, X-rays, service fractures, analogies, vibration 


For those who are new the field experimental stress 
analysis, the MANUAL introduces the fundamentals experi- 
mental stress analysis terms easily understood the novice. 
contains detailed instructions and, with the aid illustra- 


STRAIN GAGE TECHNIQUES 


Twenty-three chapters lectures and laboratory experiments 
special summer programs presented leading universities, 
covering such topics as: fundamental concepts, selection 
gages, basic considerations strain-gage instrumentation, 


tions and charts, elaborates the application three par- 
ticular methods for determining stress: (1) SR-4 bonded wire 
strain gages, (2) stresscoat (brittle lacquer) and (3) photo- 
elasticity. 


electrical and mechanical aspects the gage system, the po- 
tentiometric circuit, the wheatstone bridge, amplitude modula- 
tion, fundamentals measuring systems, some commercial 
systems and rosette analysis. Approximately 680 pages. 


CATALOG EQUIPMENT USED EXPERIMENTAL STRESS ANALYSIS 


The Catalog contains references manufacturers equipment, hardware and instrumentation used the measurement strain. 
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Official monthly journal the SESA. Includes technical papers and news items interest SESA members and industry. 
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WHAT’S AHEAD 
With rapidly increasing labor force and with current unemployment 
problem, there exists varying degrees feeling concern for the future. 
Without underestimating the problem, would like point out positive 
factor which seems not well understood. While generally known 
that expenditures for research and development (R&D) are increasing year 
to- year, the rate increase has been such that have spent much for R&D 
the last five years all the preceding years (see bar diagram). sec- 
ond important point that average about five years required for R&D 
manifest itself the form commercial products. This means, that, 
imaging sudden cessation all R&D, would still have flow 
ial new and improved products resulting from the vast amount R&D work 
carried out the past recent years. (About 10% 1960 sales were 
products not the market 1956). But instead our imaginary ces- 
sation, there every indication that R&D expenditures will continue 
in. increasing rate the years ahead. estimate 20% increase R&D 
four years has been made, 
with new products ratio 
from 10% roughly 15%. 
Such achievement would 
expected have pro- 
found influence our econ- 
omy and our daily lives. 
that, for SESA and our 
the above trend 
indicates exciting poten- 
tial for the future, since 
and methods should 
ing rate. 
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NOL Develops 
Portable Drop-tester 


tracking station 


the industry focus 


inexpensive 
portable drop-tester may replace 
permanent drop-tower facilities 
now used for shock testing the 
Naval Ordnance Laboratory, Sil- 
ver Spring, Md. prototype 
model consists anvil 
base which captive carriage 
slide-mounted means two 
short pipe columns. 
weight lifting yoke attached 
the carriage and isolated glass- 
bead shock mitigators. 

operation, the device, 
with the test component mounted 
the carriage, lifted the 
desired height mobile crane, 
the carriage separating from the 
anvil. When dropped, the base 
strikes first, embedding itself the sand. split-second later the carriage 
strikes the anvil and transmits the shock the test object. the experimental 
stage 8000-lb model capable carrying payload 1000 heavier. 


Rapid Growth 
Space Market 
Predicted 


General Dynamics 
Creates 
Five New Divisions 


July 1961 


The growth the space market the 60’s will double the skyrocketing 
growth the electronics market the 50’s, according General Electric Co. 

The company predicts that the space market will increase from one billion 
dollars per year 1960 eight billion dollars per year 1970. comparison 
the booming electronics industry experienced only four-to-one growth rate 
during the last decade. 


General Dynamics Corp. has announced the creation five new operating 
divisions, two major organizational groups, and realignment corporate 
executive responsibility. 

The continued increase the size and complexity the corporation was 
given the reason. The changes are designed provide higher degree 
managerial control and the same time give greater flexibility the individual 
divisions which serve essentially different markets and technologies. 

The new divisions, all formerly components the Convair Division, are: 
(San Diego, Calif.), Worth (Tex.), G-D 
(Calif.), G-D/San Diego (Calif.), (Tex.). 


> 
q 
3 ; 
- 
4 
| 
2} 
She, 


Rocket-engine-thrust 
Test Stand 


Towering 250 above the 
Mojave Desert floor one 
three huge stands designed 
test the 1,500,000-lb thrust 
Rocketdyne’s F-1 engine. The 
F-1 single-chambered engine 
booster for manned space-flight 
vehicles. 

Each the stands the 
$15,000,000 NASA complex will 
relay thousands bits infor- 
mation underground con- 
crete control center. Data will 
then transmitted crypto- 
graphic teletype computer 
center where will processed 
and immediately returned test 
site engineers. 


NCR Expands Computer 
Marketing Facilities 


major expansion marketing facilities for NCR electronic data proces- 
sing systems was announced The National Cash Register Co., Dayton, 
Ohio. The expansion will result coast-to-coast coverage business, industry 
and government the marketing NCR’s 304 electronic data processing 
system and the recently announced 315 system which features the new NCR 
Card Random Access Memory (CRAM). 


Polarad Acquires 
Federal Scientific 


The acquisition Federal Scientific Corp. New York Polarad Elec- 
tronics was recently announced. Federal Scientific, which will continue 
operated its present management, has been engaged the research and 
development advanced electronic equipment. 


FUTURE 
MEETINGS 


SESA 


International Congress Experimental Mechanics. 
New Yorker, New York, 


1962 Spring Meeting, Dallas, Tex. 
Related Conference: 


OcTOBER 29-31. International Symposium Photoelasticity. 
Technology, Chicago, 


ASA 


9-11. 
and Dayton, Ohio 


OcTOBER Institute the Aerospace Sciences. Joint meeting with Cana- 
dian Aeronautical Institute. Quebec, Que., Can. 


NRL 


10-12. The 30th Symposium Shock, Vibration and Associated Environ- 
ments. Detroit, Mich. Classified. Address: Code 4021 Naval Research 
Laboratory, Washington 25, 


OSR 
Conference Air Force Office Scientific Research and 
Martin’s Research Institute for Advanced Studies. Differential Equations Non- 
linear Mechanics. Air Force Academy, Colorado Springs, Colo. 


SAE 


SEPTEMBER 11-15. Society Automotive Engineers. National Farm, Construc- 
tion and Industrial Machinery Meeting. Milwaukee Auditorium, Milwaukee. 
Wis. 
OcTOBER 9-13. 
Calif. 


Hotel 


Illinois Institute 


Meeting the Acoustical Society America. Cincinnati 


National Aeronautic Meeting. Ambassador Hotel, Los Angeles, 
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BAILEY NAMED PRESIDENT 


Lessells and Associates, Inc., 
Boston, Mass., announced the elec- 
tion Fred Bailey president. 
Professor John Lessells, founder 
the firm and former president, be- 
came chairman the board and 
consultant the company. 

Mr. Bailey graduated from MIT 
1943 his master’s 
degree from the same institution 
1949. After graduation, 
successively research engineer 
with the Caterpillar Tractor Co., 
and technical secretary, assistant, and 
then acting technical director the 
Committee Ship Structural Design 
the National Research Council. 
His association with Lessells com- 
menced 1955, where has served 
project engineer, senior project 
engineer and executive vice president. 

and technical affilia- 
tions include the American Society 
Mechanical Engineers, The Amer- 
ican Welding Society, and the Society 
for Experimental Stress Analysis, which 
Executive Committee. 


GALLANT APPOINTED 
LABORATORY DIRECTOR 


Appointment Raymond 
Gallant director the engineer- 
ing laboratory the Chevrolet 
Engineering Center was recently an- 
nounced Barr, chief engineer. 

Mr. Gallant, who has served 
assistant director the laboratory 


ve 


Fred C. Bailey 


July 1961 


since February, joined Chevrolet 
1955 when the Engineering Center was 
opened. helped organize the in- 
strumentation department and served 
its head until February. 

his new post will respon- 
sible for all laboratory testing pas- 
senger car and truck components, and 
for the building engines, axles and 
transmissions the Engineering 
Center. 

native Plattsburg, Y., 
and graduate Rensselaer Poly- 
technic Institute, Mr. Gallant began 
his career with General Motors 
1950 college graduate training 
with the Research Staff. was 
awarded master’s degree engineer- 
ing mechanics from the University 
Michigan 1954 and spent the follow- 
ing year educational leave absence 
doing graduate work, research and 
teaching Rensselaer before joining 
Chevrolet. 

Mr. Gallant member the 
Society Automotive Engineers, 
American Society Engineering Ed- 
ucation, Instrument Society Amer- 
ica, and past chairman the 
Detroit Section the Society for 
Experimental Stress Analysis. 


CONNER JOINS ORMOND 


Ralph Conner joined 
Santa Springs, Calif., and will serve 
the capacity general sales man- 
ager. Mr. Conner has had year’s 
experience with Baldwin-Lima-Hamil- 
ton and was formerly district manager 
for that firm. 


q 


Raymond A, Gallant 


RICHARDSON APPOINTED 
RESEARCH STAFF 


Trans-Sonics, Inc., announced the 
appointment Allyn Richardson 
its research staff. Mr. Richardson 
will concerned with research and the 
preliminary development new de- 
vices and systems for the Burlington, 
Mass., firm. 

Holder degree chemical 
engineering from the University 
British Columbia, Mr. Richardson 
received his masters degree from Har- 
vard 1949. subsequently spent 
six years Harvard post-graduate 
work. 


SCHIAVONE MADE DIRECTOR 


named director reliability the 
corporate engineerng staff The 
Martin Co. 

Dr. Schiavone came Martin 
from Bell Aerosystems Co., where 
was assistant chief engineer the 
Rockets Division. Before that, 
was manager system 
design for the Chrysler Corporation’s 
Missile Division. 

Chrysler, Dr. 
Schiavone worked with Dr. Wernher 
von Braun’s group the Army’s 
Redstone and Jupiter ballistic missile 
programs. native Minnezpolis, 
Minn., received his Ph.D. degree 
mechanical engineering from the Uni- 
versity Minnesota 1951. 


NEULAND NAMED MANAGER 


Joseph Neuland been 
named western district field engineer- 
ing manager for the Systems Division 
Beckman Instruments, Inc., Ana- 
heim, Calif. 

Mr. Neuland will responsible 
for sales the company’s proprietary 
data systems the western United 
States. 

With Beckman since 1953, 
was one time manager engineer- 
ing and has participated the develop- 
ment data-processing systems for 
grams. 


MORGAN APPOINTED 
APPLICATION ENGINEER 


Melvin Morgan joined 
Datex Corp., Monrovia, Calif., 
application engineer the Sales De- 
partment. Mr. 
Rensselaer Polytechnic Institute and 
was formerly development engineer 
with Lycoming Division Avco Manu- 
facturing Stratford, Conn. 

will responsible for the 
preparation and costing technical 
proposals. 
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PAD-TYPE TORQUOMETER 


The pad-type 
Inc., 3644 Lawrence St., Phila- 
delphia 40, Pa., and used production 
tests evaluate hot fluid hydraulic 
pumps, constructed with inherent 
strength needed support the pump. 
Pad-type couplings, accordance with 
AND standard specifications, are used 
the drive end for strength and 
proper mating characteristics. For 
high-temperature operation, all com- 
ponents are designed withstand 
500° and 700° solder used 
brushes. High-temperature Torquom- 
eters are guaranteed 350° oper- 
ating and 400° nonoperating. Stand- 
ard temperature compensation main- 
tains sensitivity constant 
better per 100° temperature change. 


Standard models cover torque 
ranges from 1.0 lb-in. full scale 
ranges 50,000 rpm. 


TRANSDUCER 


new pressure transducer, Type 
has been announced 
dated Electrodynamics Corp., sub- 
sidiary Bell Howell Co., 360 
Sierra Madre Villa, Pasadena, Cali- 
fornia. 

Over-pressure performance spe- 
cified times the rated pressure 
10,000 psi (whichever less) and when 
applied for min will not cause 
zero set exceed 1.0% full range 
output, according manufacturer. 

The instrument also features 
high sensitivity mv, low residual 
unbalance, and combined figure 
+0.35% for linearity and hysteresis. 
Pressure ranges are from 
0-5000 psi absolute and gage. The 
operable temperature range from 

The 4-350 utilizes the unbonded 
strain gage principle with 
active-arm spring-type sensing element 
and diaphragm force summing area. 


New 


For more details regarding these products, circle item number 


Reader Information Card 


STRAIN GAGES 

Micro Systems Inc., subsidiary 
Electro-Optical Systems, Inc., 319 
Agostino Rd., San Gabriel, Calif., has 
announced the extension the present 
Micro-Sensor product line from two 
types types. The 
expanded line will include strain gages 
with both positive and negative gage 
factors. Lengths short 0.080 
and resistance ranges 120 
1000 ohms are available. 


ture range the expanded line 
from —320 +650° The gages 
are available with without adhesive 
backings. 

particular feature the new 
which characterized the direct 
line placement the sensor contacts 
with the silicon element, thus enabling 
the user trim the width the gage 
backing for limited area applications. 
Gage factor all new gages will 
remain 120. 


WELDABLE, STABILIZED 
STRAIN GAGES 


new line weldable strain 
gages—designed provide electrical 
stability from cryogenic through 750- 
deg. temperatures—has been developed 
Electronics Instrumentation 
Division Baldwin-Lima-Hamilton 
Corp., Fourth Ave., Waltham 54, 
Mass. 

Small and rugged, the gages 
afford ease installation, operation 
over extremely wide range 
temperatures, and high linearity over 
the complete temperature range, the 
manufacturer states. 

The new gages are fully stabilized 
heat treating, cutting over-all in- 
stallation time from days hours 
minutes, through elimination the 
need for curing and stabilizing after 
the gages are installed testpiece. 

Incorporating special SR-4 foil 
gages bonded 0.005-in. thick stain- 
less-steel shim stock, the weldable 
gages are made two basic types: 
(1) Phenolic-bonded Constantan foil, 
for temperatures 500° (2) 
ceramic-bonded Nichrome foil, for 
temperatures 750° continuous, 
1000 deg short-term. 


VIBRATION MACHINE 


The Corp., 501 Onondaga 
St., Skaneateles, Y., announces 
new, compact, 
vibration machine, designed and con- 
structed for use quality control, 
environmental testing general 
engineering and research laboratories. 
The Type RVP-16-50 has 
test load capacity and maximum 
acceleration rating. Operating the 
frequency range from cps with 
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thermal-dynamic 


PROGRAMS 
Load Strain 
and Temperature 
Simultaneously 


RECORDS 
Load vs. Time 
Temperature 
vs. Time 


Strain vs. Time 
Load vs. Strain 


MODEL SHOWN 


Loading Capacity: + 10,000 Ibs. 
Loading Rate: + 5,000 Ibs./second 
Ram: Hydraulic actuated, 8” stroke 
Heating Power Capacity: Up to 130 KVA 


Take the high response characteristics 
electro-hydraulic servo valves and 
loading mechanisms, add the conveni- 
ence pencil-line program plotting, 
apply the precision electronic load 
and temperature control and recording 
techniques, and you have the basis 
this new testing system designed with 
just one thought mind advance 
the art materials testing. 


RESEARCH 


INCORPORATED 


Write Dept. SJ, Box 6164, Minneapolis 24, Minn. 
For details, circle No. 2 on Reader information Card 
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total excursions 0.100 in. max- 
imum, the machine will meet wide 
range military specifications and 
commercial vibration testing require- 
ments, the manufacturer reports. 

single reaction vibrator gen- 
erator special design utilizes only the 
vertical force component produce 
simple harmonic motion the primary 
table. Because the reaction generator 
produces force over full 360 deg 
each revolution, the horizontal force 
drive one two additional tables 
attached the sides the machine 
allow simultaneous testing multiple 
test objects both the vertical and 
horizontal directions. side tables 


are available separate items and 
can added the field. 


SEMICONDUCTOR STRAIN GAGES 


entire new line solid state 
strain gages, effective June was 
announced Kulite-Bytrex Corp., 
Hunt Street, Newton 58, Mass. 

The manufacturer reports that 
has completely revamped its product 
line provide higher working strain 
levels, increased flexibility, better han- 
dling characteristics, and smaller sizes 
than were previously available. 
current line and DAN gages has 
been discontinued with the introduc- 
tion the new Series gages. 

The improved characteristics 
the new gages are said result from 
technological advances and field appli- 
cation data derived earlier gages. 
The product line described includes 
matched gages for variety ma- 
terials, gages for dynamic measure- 
ments which provide times greater 
output one-third the 
conventional high-output 
wire gages, small gages for limited 
space requirements (0.1 gage length) 
and gage factor from minus 140 plus 
170. The gages are incorporated 
new highly flexible epoxy matrix and 
are available resistance ranges 120 
5,000 ohms. 


Use Reader Information Card! 


TRANSISTORIZED, CALIBRATED 
FIELD-INTENSITY RECEIVER 


Polarad Electronics Corp., 43-20 
34th Street, Long Island City Y., 
has developed mobile, transistorized, 
calibrated 
covering the 1000 10,000 
frequency range. The entire comple- 
unit, four interchangeable tuning 
antennas and tripod. 

Model CFI microwave field-inten- 
sity receiving system designed per- 
form the tests prescribed the latest 
military specifications covering 
leakage and interference electronic 
and associated equipment, according 
manufacturer. addition, such 
measurements operational field in- 
tensity data, propagation studies, 
signal analysis and general communica- 
tions can made under the conditions 
calibrator which covers 
frequency range high degree 
stability. The Model CFI also 
said capable accurately deter- 
mining the shielding effectiveness and 
harmonic spurious output trans- 
mitters. 


ACCELEROMETER 


The development the Model 
410 accelerometer, having sensitivity 
rating 750 mv/g maximum, has 
just been announced Columbia 
Research Laboratories, MacDade Blvd. 
Bullens Lane, Woodlyn, Pa. The 
Model 410 true compression 
sensing device having 
sensitivity any accelerometers 
Columbia’s standard 
tions for this type accelerometer 
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include vibration meters, vibration 
limiters, safety devices, burglar alarms 
and other systems where high output 
essential trigger operate various 
switching mechanisms readout 
instruments. 

Frequency response the Model 
410 flat within +5% from 0.5 cps 
range 0.0016 1000 Resonant 
frequency ke, maximum cross 
sensitivity and nominal capacity 
750 Temperature range 
from —65 +350° for standard 
units and —65 +500° for high 
temperature units with than 
+10% variation sensitivity through- 
out both ranges. 

The Model 410 accelerometer has 
stainless-steel case 1.5 in. high with 
weighs just oz. 


HIGH-TEMPERATURE 
PRESSURE TRANSDUCER 


new series high-temperature 
gage and differential pressure trans- 
ducers, the P732, that measure pres- 
sures over wide variety ranges 
and under 
conditions have been introduced 
Statham Instruments, Inc., 12401 
Olympic Blvd., Los Angeles 64, Calif. 
The small and lightweight 
sure transducers, 
construction, are temperature com- 
pensated for continuous operation 
+600° 

Ambient temperature limits the 
P732 are from +650° 
Pressure ranges the gage and uni- 
directional differential models are from 
0-2 psi through psi. The bi- 
directional differential model operates 
ranges from through +100 
psi. 

The Statham P732, was designed 
for aero-space, nuclear industrial 
pressure measurement applications. 


ELECTRONIC CONTROL SWITCH 


electronic relay will 
switch amp with 1.8 micro- 
amp less control signal has just been 
marketed Central Scientific Co., 
division Cenco Instruments Corp., 
Irving Park Rd., Chicago 13, 


The switch, designed operate 


solenoids, heaters, regulators, instru- 
ments, contact meters, etc., has relay 
contacts that will handle maximum 
inductive load) when triggered 
anything from short circuit, zero 
ohms, megohms resistance. 

This current amplified 
vacuum-tube circuit which, turn, 
energizes the control 
single-pole double-throw relay contacts 
are wired control the two “‘normally 
three-terminal grounded female out- 
lets. built-in signal light goes 
when the switch energized. 

The entire unit encased 
steel housing. 


LOW-COST OSCILLOGRAPH 


The Heiland Division Min- 
neapolis-Honeywell, 5200 Evans 
Ave., Denver 22, Colo., has introduced 
low-cost direct-recording oscillograph 
designed for use normal laboratory 
testing and evaluation. 

Known the 1406 Visicorder, 


the new model produces instantly read- 


able records six channels 
scientific and test data simultaneously, 
the company said. 

the fourth member the 
firm’s Visicorder family direct- 
Previously 
introduced models have recording ca- 
pacities 14, and channels. 

The model 1406 Visicorder may 
ordered with choice galva- 
nometers and record drive speeds, and 
available with without grid line 
and/or timing systems. records 
variables from 200 cps. 
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Kearfott Division, General Pre- 
cision, Inc., 1150 McBride Ave., 
Little Falls, J., has announced the 
production the CO5 6452 008 
tumble-rate test stand, highly precise 
unit used test gyros and other 
devices requiring precise orientation 
rotation. This unit features: rotary 
table locking arrangement permit 
selection 90, 180 and 270 deg 
static angular positions; tapered roller 
bearings provide low-friction, ac- 
curate turntable mounting; heavy- 
duty, low-noise slip rings provide 
for signal and power-transfer require- 


ments; two-motor drive system 
assure system stability and freedom 
from backlash, high gear reduction and 
large-diameter bull gear mounted di- 
rectly table stand enable high 
torque-to-voltage gradient, and leveling 
jacks, with hold-down bolts and azi- 
muth adjusting locking device, 
insure preper level and polar align- 
ments. 


ARC SWITCH 


new arc switch, designed 
facilitate the controlled discharge 
stored electrical energy laboratory 
and production applications, has been 
announced MHD Research, Inc., 
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P.O. Box 1815, Newport Beach, Calif. 

Designated Model AS-25, the 
new arc switch rated for 
operation, with capacity 2500 
generated the Model ASE-10 
trigger electronics. op- 
eration, capacitor charged the 
desired potential; then, the con- 
venience the operator, secondary 
high-voltage discharge the 
switch spark gap, causing conduct, 
discharging the capacitor. 

The jitter (uncertainty the exact 
time discharge) approximately 
microsecond. this discharge occurs 
inert atmosphere, long com- 
ponent life assured. Provision 
made for four co-axial conductors 
connect the switch. 


Experimental Stress Analysis for Missiles and Space Craft 


STRAIN GAGE TECHNIQUES and INDUSTRIAL PHOTOELASTICITY 


Three Short Intensive Courses EXPERIMENTAL STRESS ANALYSIS 
the Dept. Engineering, University California Los Angeles 


STRAIN GAGE August 21-25, 
STRAIN GAGE LABORATORY August 28-September 
INDUSTRIAL PHOTOELASTICITY September 5-9, 


Under Joint Sponsorship Engineering Extension, Dept. En- 
gineering—University California Los Angeles and Society 


for Experimental Stress Analysis. 
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TEMPERATURE-HUMIDITY CHAMBER 


Hudson Bay Co., environmental 
division Labline, Inc., 3070 
Grand Ave., Chicago 22, an- 
nounces the addition 4-cu 
upright chamber its present line 
temperature-humidity test cabinets. 
This unit has temperature range 
+2° and humidity range 

The wide 
usage for environmental testing 
chemicals, electronic 
paints, plastics, packaging, protective 
coatings, etc., and for JAN MIL 
specifications. 

duty, motor-driven blower supplies 
air circulation throughout the chamber 
eliminate temperature gradients 
The hermetically sealed, air-cooled 
compressor uses refrigerant. 
Heat transfer achieved with cop- 
per tube, aluminum-finned 


PREAMPLIFIER FOR MEMO-SCOPE 


The development dual trace 
preamplifier for its Memo-Scope oscil- 
loscope model 105, high frequency 
storage oscilloscope with writing 
speed 1,000,000 ips, 
announced Hughes Aircraft Co., 
Industrial Systems Division, P.O. Box 
90904, Airport Station, Los Angeles 
45, Calif. 

The preamplifier, which the com- 
pany said now production, 


designated model 05-2. employs 
blanked writing beam during switching 
time when operated the chopped 
mode. can provide chopped dis- 
plays both Memo-Scope channels 
simultaneously, alternate displays 
both channels single operation 
either channel. The unit has pass 
band direct current mega- 
cycles, chopping rate 270 
and sensitivity 0.05 per division. 


PHOTOELECTRIC TAPE READER 


Data Stor division, Cook Electric 
Co., 2700 Southport Ave., Chicago 
14, announces the development 
its Model photoelectric tape reader 
which provides total punched-tape 
capacity approximately 500,000 
bits information. 

The Model supplied with 
Cook Electric Co. photoelectric reading 
system. 

This photoelectric tape reader 
suitable for service com- 
applications. Data, the form 
coded hole sets, are photoelectrically 
read from pre-punched tape and trans- 
formed electrical output pulses. 

The photoelectric reading head 
designed 
holes per inch along and across the 
tape. 


SERVO VOLTMETER 


Model HV-160 d-c 
meter provides very high-input im- 
pedance all scales, according its 
manufacturer, Houston Instrument 
Corp., P.O. Box 22234, Houston 27, 
Tex. Input potentiometric (over 
100 megohms) ranges from 
ranges from 300 Servo 
gain automatically adjusted for 
each scale the range switch. Ac- 
curacy 0.15% eleven selectable 
scales. Double regulated zener ref- 
erence eliminates reference 
placement and standardization prob- 
lems. Indication provided knife- 
edge pointer 14-in. mirror scale. 
Hardware provided for rapid con- 
version from case rack mounting 
vice versa. 

Loading errors are said 
substantially eliminated the use 
the HV-160 voltmeter 
measurements. 
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MIDGET CHOPPER 


Model low-noise chopper, de- 
signed for 400 cps drive, withstands 100 
shock and vibration any direction 
equivalent sinusoidal vibration 
amplitude 0.060 in. total travel 
announcement Airpax Electronics 
Inc., Cambridge Division, Cambridge, 
Md. 

Chopper noise has been brought 
irreducible minimum. one 
megohm load, 400 cps, noise down 
the random noise level. Unit 
hermetically sealed 
operation maintained over tem- 
perature range —65° +100° 


Rated life exceeds 2000 hr. 

This miniaturized electro-mechan- 
ical chopper weighs Dimensions 
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POWER SUPPLY 


Tektronix, Inc., P.O. Box 500, 
Beaverton, Ore., announces that its 
latest product, the Type 132 power 
supply, provides easily portable 
housing for any Tektronix A-to-Z 
plug-in enabling the many 
plug-ins used with without 
oscilloscope wide variety 
applications. 

The compact unit powers 
internal amplifier and one Tektronix 


invites all manufacturers 
engineering and scientific equipment 
used experimental mechanics 

exhibit 


1961 EXPOSITION 


held conjunction with 


FIRST INTERNATIONAL CONGRESS 
EXPERIMENTAL MECHANICS 


Hotel New Yorker, New York City 


Lively, working exhibits doing something and telling 
your story are the best way talk engineers and 
scientists. This your opportunity for best results. 
For details, write 


SESA, Bridge Square, Westport, 
Circle No. Reader Information Card 
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plug-in. 

Internal amplifier the Type 
megacycles, rise-time nanosec., 
noise level less than 0.5 millivolts, 
peak-to-peak (referred internal am- 
plifier input). Front-panel terminals 
permit push-pull single-ended 
—input. 


il 
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SHEATHED HIGH-SPEED PROBE 


RdF Corp. (formerly Arthur 
Ruge Associates), Hudson, H., 
announces the development new 
high-speed probe with platinum 
sensor hermetically sealed 
tected 316 stainless-steel sheath. 

This new RdF probe has 
response speed less than 300 msec 
for one time constant. 

Compatible with liquid oxygen, 
the Type 3255 sheathed and sealed 
probe can also used with corrosive 
media. 

The temperature range the 
RdF Type 3255 resistance probe 
from —423° (liquid hydrogen) 
400° according the manufacturer. 
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RETICLE ADAPTOR 


quick on-the-spot calibration 
device that enables 
calibration vibration equipment over 
200 cps range has just been 
announced 
Laboratories, MacDade Blvd. Bul- 
lens Lane, Woodlyn, Pa. 

Two different reticle patterns are 
engraved the adaptors. One the 
CRL Wedge, which provides measure- 
ment 20, 40, and 100 mils double 
amplitude, and the other the CRL 


Para-Line, which series parallel 


lines spaced 0.0647 in. apart measure 
MIL specs. 

The calibration reticle adaptors 
are hexagon-shaped devices that can 
provided with standard size studs 
bores fit thread sizes the various 
types shaker tables 
ometers commonly use. 
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STRAIN GAGE AND TRANSDUCER 
CONDITIONER 


Instruments, Inc., 3644 
Lawrence St., Philadelphia 40, 
Pa., announces new universal input 
conditioning unit for data-acquisition 
systems work with the inherent flexi- 
bility meet most typical applica- 
tions. single-channel module 
with integral floating power supply. 
bridges, and will adapt any input 
wiring technique, including wire 
bridge inputs. The shields are carried 
through the unit. 
internal power supplies may ad- 
justed between and de. 

Calibration may achieved via 
the single- double-shunt technique. 
Sequential and simultaneous calibra- 


the space age, measurements stresses, forces 
and accelerations must made check calcula- 
tions and obtain information that cannot cal- 


culated. 


The Society for Experimental Stress Analysis the 
forum for work and workers the experimental 


mechanics field. 


How you can join the Society and take advantage 
its many benefits explained descriptive litera- 


turé available. 


For further details write to: 


SOCIETY FOR 


EXPERIMENTAL STRESS ANALYSIS 


Bridge Square, Westport, Conn. 


MEMBERSHIP SESA 


tion available for four step 
single step plus and 
Six modules are packaged 
panel suitable for 
relay rack mounting. 


Sy 


MICROWAVE SPECTRUM ANALYZER 


Polarad Electronics Corp., 43-20 
34th St., Long Island City 
has developed mobile, transistorized, 
microwave spectrum analyzer. The 
Model SA-84T 
covers the frequency range from 
40,880 

The instrument said ca- 
pable number operations, in- 
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cluding spectral measurements, de- 
tection and identification spurious 
signals, countermeasures 
measurement the frequency dif- 
ference two signals, testing 
oscillators (magnetrons, 
klystrons, etc.) for pulling, double- 
moding and other types malfunc- 
tions, checking the tracking radar 
components, and measurement spec- 
tral characteristics pulse-modulated 
and signals. 

This spectrum analyzer partic- 
ularly suited mobile operation be- 
cause its light weight (70 lb), 
its extensive transistorization and its 
acceptance either standard 12-v 
automobile battery power 115 
powers. 


PHOTOELASTIC 
STRESS ANALYSIS 
POLAROID* FILTERS 


Standard Equipment Special 


Complete Apparatus Components 


Point Light Sources 
White Light and Monochromatic (546 589 line) 


Matched Quarter Wave Plates 17” diameter 


Polaroid Polarizers 17” diameter 
Cemented Glass Laminations 


Straining Frames 


Recording Cameras 


* T. M. Reg. U. S. Pat. Off. by Poiarotd Cor poration 
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Testing Machines 


complete line equipment made 
Steel City Testing Machines, Inc., 
8817 Lyndon Ave., Detroit 38, Mich. 
Brinell hardness testing machines, 
Penetrascopes, ductility testers, tensile 
and compression testing machines, 
transverse testers, hydrostatic and 
pneumatic testing machines, proving 
rings and calibration presses, and 
special testing machines are discussed. 

Printed two colors and con- 
taining four pages, Bulletin G-361 also 
ground, experience, and distribution 
facilities the company. 101 


Strain-gage Wiring Terminals 


line strain-gage wiring ter- 
minals described and illustrated 
bulletin No. 4340 published Elec- 
tronics Instrumentation Division, 
Baldwin-Lima-Hamilton Corp., 
Fourth Ave., Waltham 54, Mass. 

The four-page, two-color bulletin 
includes photographs and drawings 
the terminals, characteristics and spec- 
ifications, features, types, dimensions 
and curves typical leakage resistance 
vs. temperature for high-temperature 
terminals. 

These terminals provide conven- 
ient strain-relief junctions for integral 
strain gage leads and heavier instru- 
mentation lead wires. Configurations 
are available for both single and 
rosette gages. 

All terminals can installed 
curved surfaces, and are avail- 
able five basic types for maximum 
operating temperatures from 500 
1200° 103 


Temperature Recorders 


new 11, 12-page il- 
lustrated booklet entitled 
ture Recording from Platinum Re- 
sistance Sensors” now available 
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lustrates 


from Brush Instruments, division 
Clevite Corp., 37th Perkins, Cleve- 
land 14, Ohio. 

The booklet describes 
how Brush Universal 
Carrier Amplifier and platinum 
resistance sensor are applied provide 
combination for recording tempera- 
tures from —320 +2000° This 
recording technique displays tempera- 

Basic setup procedures, tempera- 
ture compensation, bridge 
calibration charts and recording ac- 
curacy are also described. 105 


Beckman Bits 


Beckman Bits, new magazine 
published Systems Division 
Beckman Instruments, Inc., now 
available for distribution from Beck- 
man Systems Technical Publications 
Department, 325 Muller St., Anaheim, 
California. 

This first edition the new 
quarterly contains pages articles, 
illustrations and 
mation about data processing equip- 
ment, amplifiers and systems man- 
agement personnel and_ techniques. 
Among the features documented 
report exhaustive test results the 
Model 210 data-processing system. 

107 


Cryogenic Temperature Sensors 


Trans-Sonics, Inc., Burlington, 
Mass., offers new eight-page bulletin, 
No. 2000, describing its platinum- 
resistance 
Specifically designed for 
cryogenic fluids, such liquid hydro- 
gen and the sensors are suitable 
for airborne ground-based appli- 
cations. 

described Technical Bulletin 
2000, the temperature transducers may 
calibrated Trans-Sonics, Inc.’s 
own pressure cryostat against 
NBS calibrated reference thermometer. 
The accuracy such elements 
—435° Units containing trimming 
networks insure interchangeability 
+0.1° are also described. 

addition describing Trans- 
Sonics cryogenic 
company’s background and facilities. 

109 


Metal and 
Corrosion Resistance 


Various kinds corrosion and the 
differert metals suited resist them 
are given thorough review “‘Harper 
Corrosion 24-page illustrated 
brochure published The 
Harper Co., Morton Grove, maker 
metal fasteners. 


Written help manufacturers 
build corrosion resistance into their 
products and properties, the guide 
analyzes the seven basic types 
corrosion and shows 
kinds metals best resist them. 
These include brass, naval bronze, 
silicon bronze, nickel 
alloys, stainless steels, aluminum, cop- 
per, monel metals and high-tempera- 
ture alloys. 

corrosion guide chart lists 136 
types corrosive agents that engineers 
and maintenance people 
troubled and shows how well each 
eight types metals resist each 
these agents. 111 


Engineering-article Writing Guide 


Brief Technical Ar- 
ticles for gives easy-to- 
understand language instructions 
how write technical articles for 
professional journals and trade maga- 
zines. Seven chapters describe major 
types articles wanted editors, 
how organize and write them, how 
criticize the finished manuscript, 
and how work with editors. 

professional writers are included 
chapters psychology writing 
production and assuring reader 
interest. sample editorial inquiry 
letter and checklist are included. 

Available from American Indus- 
trial Writing Institute, P.O. Box 
5452, Pasadena, Calif., per copy, 
postpaid. 


Miniature Thermocouples 


thermocouples described new 
bulletin, No. 4336, 
Electronics 
vision 
Corp., Fourth Ave., Waltham 54, 
Mass. 

The six-page, two color bulletin 
covers the design, construction, ap- 
plications and operating characteristics 
these thermocouples, which have 
probe diameter only 0.014 in. and 
operate temperature range from 
cryogenic environments 3000° 

The bulletin includes drawings and 
photographs; circuit sketches; curves 
showing radiation error, time constant 
and response times; listing types 
and model numbers, and temperature 
ranges. 

The thermocouples are intended 
for use such applications missiles 
and high-speed aircraft, surgery and 
medicine, temperature measurements 
rocket fuel, jet-engine exhaust, 
moulding and casting, turbine 
operation. Other uses are found the 
instrumentation atomic piles, shock 
tubes and wind tunnels, and gas 
chromatography. 113 
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Power Supplies, Current Indicators 
and Amplifiers 


Elcor Inc., subsidiary Welex 
Electronics Corp., 1225 Broad 
St., Falls Church, Va., announces the 
release three recently revised cata- 
logs dealing with its complete line 
products. 

Catalog No. 3-361 
isolated power supplies 


isoformers. Catalog No. 4-361 de- 
scribes current indicators 
tegrators, and current source. Catalog 


No. 5-361 gives complete information 
d-c amplifiers, wide-band d-c am- 
plifiers, and high-voltage amplifiers. 115 


Tapered Tubing 


Straight and reverse-tapered tub- 
ing, size from 0.080-in. 1.500-in. 
OD, described Data Memorandum 
No. just published Superior 
Tube Co., 1976 Germantown Ave., 
Norristown, Pa. 

Recently introduced Superior, 
the tapered tubing features close tol- 
erances and freedom from cracks the 
inside diameter, making most at- 
tractive for use rocket engine thrust 
memorandum. further states that 
reverse-tapered tubing eliminates much 


Helpful McGraw-Hill books 


for your professional library 


THEORY 
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the severe forming fabrication 
diameter tubing the throat area 
the engine’s exhaust chamber. 117 


Transducer for Sea-water 
Temperature Measurement 


Trans-Sonics, Inc., Burlington, 
Mass., announces the availability 
its Type T-4005 sea-water temperature 
transducer. 

changeability 0.09° the unit 
designed for indefinite immersion 
sea water, according manufacturer. 
The T-4005 transducer contains its 
own bridge circuit, eliminating the 
need for additional circuit construction 
the user. Calibration expressed 
vs. temperature over the unit’s 
construction and operating charac- 
teristics are given 
Special Product Note 4005. 119 


Special Instruments 


the latest booklet released 
Tektronix, Inc., P.O. Box 500, Beaver- 
ton, Ore. 

Written catalog style, the color- 
ful 12-page booklet gives detailed 


FORMULAS FOR 
STRESS AND STRAIN 


presentation Tektronix special-pur- 
pose test instruments. These include 
direct-reading L-C meter, indicator 
unit, waveform generator, pulse 
generators and power supplies. 

The booklet 
tions, performance characteristics, per- 
tinent illustrations for various measure- 
ment applications. 123 


Portable Potentiometer 
Indicator 


Thermo Electric Co., Inc., Saddle 
Brook, J., has released revised 
edition page, illustrated Catalog 
64-1, their portable 
potentiometer indicator. The 
instrument, and special adaptation 
called ‘Airline’ are de- 
scribed detail. Included are spec- 
ifications, applications information, ac- 
cessories such flange for flush- 
mounting panels, switching facilities 
and carrying case. portable 
the basic instrument, 
ground-check jet-engine exhaust-gas 
temperatures and calibrate cockpit 
indicators. 

Photographs are used liberally 
indicate relative size, show rugged 
construction details, ease application 
and maintenance. 127 


THE STRAIN 
GAGE PRIMER 


AND SHELLS 


Covers the general theory of bending 
of plates under lateral load, with appli- 
cations to circular and rectangular 
plates, and with numerous tables sim- 
plifying the calculation of deflections 
and stresses in plates. Provides a 
treatment of combined bending and 
tension or compression of plates, with 
applications to thin plates. By S. 
Timoshenko, Stanford Univ.; and S. 
E. Woinowsky-Krieger, Université 
Laval, Quebec, Canada. 2nd Ed., 580 
pp., 280 illus. $15.00 


THE TESTING AND 
INSPECTION 
ENGINEERING 

MATERIALS 


A practical approach to the principles 
and methods of materials testing, with 
full details types tests use. 
Describes modern testing equipment 
and covers effects of variables on test 
results. Includes information on mi- 
cro-hardness testers, non-destructive 
tests, low-temperature impact tests, 
and more. Davis, 

Troxell, Univ. Calif.; and 
Wiskocil, formerly, Univ. of Calif. 
431 pp., 171 illus., tables, 


For engineers concerned with calculat- 
ing stresses in engineering structures 
and machine parts—here is essential 
knowledge of the theory of elasticity, 
together with the solution of engineer- 
ing problems of practical importance. 
The book discusses approximate and 
experimental methods of solving elas- 
tic problems which have proved use- 
ful in the study of complicated cases 
of stress distribution. By S. Timo- 
shenko and J. N. Goodier, Stanford 
Univ. 2nd Ed., 506 pp., 266 illus., 
$11.50 


APPLIED 
ENGINEERING 
MECHANICS 


Emphasizes the use of reasoning rather 
than complicated mathematics for 
solving engineering problems. Em- 
ploying only simple mathematics, the 
book proceeds from easy to difficult 
phases of engineering mechanics, clar- 
ifying the principles advanced with 
numerous illustrations. Takes you 
step-by-step through the solutions of 
scores of technical problems. By Al- 
fred Jensen, formerly, Univ. of Wash- 
ington; assisted by Harry 
Chanoweth, Univ. of Washington. 2nd 
Ed., 409 pp., 746 illus., $6.50 


A compact and readily usable sum- 
mary of important formulas, facts, 
and principles pertaining to strength 
of materials. This reliable reference 
for engineers provides helpful formu- 
las for stress analysis and elasticity. 
All experimental data and empirical 
formulas are in line with current infor- 
mation. New material has been 
added, ensuring complete coverage of 
stress and strain. By Raymond J. 
Roark, Univ. of Wisconsin. 3rd Ed., 
381 pp., $8.25 


SEE THESE BOOKS DAYS FREE 


McGraw-Hill Book Co., Dept. EXM-6, 327 W. 41st St., N. Y. 36, N.Y. 
Send me book(s) checked below for 10 days’ examination on approval. In 
10 days I will remit for book(s) I keep, plus few cents for delivery costs, 
and return unwanted book(s) postpaid. 
remit with this coupon —same return privilege.) 


Roark—Formulas for Stress & 
Strain, $8.25 

© Perry & Lissner—The Strain 

Gage Primer, $6.00 

O Davis et al.—Testing and In- 

spection of Engr. Materials, 

$7.50 


Experimental Mechanics 15A 


What the bonded wire resistance strain 
gage can do in solving problems in ex- 
perimental stress analysis is explained 
in this practical book. All phases are 
covered—from selecting the proper 
commercial gage through preparing 
surface of the test member, cementing, 
damage-proofing, and wiring the gage 
—to selecting the proper instrument to 
record the strain gage data, and in- 
terpreting readings in terms of signifi- 
cant stresses. Perry and 
R. Lissner, Wayne Univ. 280 pp., 180 
illus., $6.00 


(We pay delivery costs if you 


Jensen Chenoweth—Applied 
Engr. Mechanics, $6.50 
0 Timoshenko & Woinowsky- 
Krieger—Theory of Plates 
and Shells, $15.00 
O Timoshenko & Goodier—The- 
ory of Elasticity, $11.50 


For price and terms outside U.S., write McGraw-Hill Int’l. 
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OFFERS DIRECT READOUT, CHANNELS, ALL SOLID STATE CIRCUITS, FOR RACK 


MOUNTING INDIVIDUAL the one system that lets you record inputs from 
changing galvanometers. The system consists 
channel medium gain, general purpose amplifier unit driving 
high high resolution optical recorder. 
can easily built into your system, packaged mobile 

SENSITIVITY input gives deflection; cabinet housed individual cases. The single-chassis, 
smooth high amplifier module has separate channels, complete from 
floating and guarded inputs outputs; each chan- 


INPUT RESISTANCE 100,000 ohms all ranges, nel comprises front end modulator and input transformer, 
floating and source re- 


sistance must kept below 1000 ohms carrier amplifier, demodulator, filter and driver amplifier. 
ranges only. Power Supply and Master Oscillator Power Amplifier are 

COMMON MODE built-in. All amplifier elements are plug-in transistorized 
least 140 DC, tolerance units for easy servicing. 


Immediately readable recordings wide daylight- 


GAIN STABILITY than 50°C. and loading ultra-violet-sensitive charts which require chemical 
development. Features the high recorder unit in- 
clude electrically controlled chart speeds from 
calibrated monitoring screen; automatic trace iden- 
tification and timing lines 0.01 0.1 sec. intervals; 
MONITOR OUTPUT front panel; pro- amplitude lines spaced 0.1” apart which can blanked from 
vides full scale across 14, all chart. Recorder available with 
8-, 16- 24-channel galvanometer block which then 
POWER volts, equipped with the number galvanometer elements 
desired the customer. Both the Recorder and Ampli- 
fier are also available individual units for use with 
other equipment. 


LINEARITY full scale in.) 
NOISE 0.02” peak-to-peak, max. 


Contact your Sanborn Sales- Engineering Repre- Wew 
sentative for complete specifications and applica- 

tions engineering assistance. Offices throughout AN BOoRN™N ARI 

— the U. S., Canada and foreign countries. INDUSTRIAL DIVISION 


175 Wyman St., Waltham 54, Massachusetts 
For details, circle No. 7 on Reader Information Ccrd 
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Investigations Unstiffened and 


Stiffened Circular Shells 


Test techniques used evaluation the effect 


internal pressure stability shells used modern aircraft 
and missiles are described; also, conclusions derived 


from the results are presented and discussed 


1951, extensive review the literature 
indicated that only limited amount test data was 
available evaluate the effect internal pressure 
the stability unstiffened and stiffened circular cylin- 
drical shells. addition, data the postbuckling 
strength stiffened cylinders were also limited. Be- 
cause the importance the cylindrical shell missile 
construction, extensive investigation was initiated 
provide such data. The present paper includes de- 
scription the test techniques used these investiga- 
tions and some conclusions derived from the results. 


Nomenclature 


total sheet area 

area all stringers. 

modulus elasticity. 

shear modulus. 

length cylinder. 

ratio internal pressure critical external 
pressure 

ratio critical shear stress with internal pres- 
sure critical shear stress under torsion alone 

panel buckling torque. 

spacing ring stiffeners. 

spacing stringers. 

internal pressure. 

critical external pressure (considered negative). 
radius cylinder. 

thickness cylinder. 

thickness stringer material. 

angle buckles with longitudinal axis 
cylinder. 

Poisson’s ratio. 

longitudinal sheet stress. 

average axial stress (total end pressure load 
divided area skin and stringers). 

stringer stress. 

critical shear stress with internal pressure. 
shear stress under torsion alone. 


Seay 


Cua 


Introduction 


modern aircraft and missiles, extensive use made 


L. A. Harris is Supervisor, Structural Mechanics, Space and Information 
Systems Division, North American Aviation, Inc.; H. S. Suer is Section 
Head, Ground Systems Dynamics, Space Technology Laboratories, Inc. 
(formerly Senior Structures Engineer, S&ID); and W. T. Skene is 
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pressurized, unstiffened and stiffened circular cy- 
lindrical shell structures. Even though these shells 
may not pressurized for structural purposes, 
systems requirements often dictate the use inter- 
nal pressure. Because internal pressure materially 
increases the buckling stress circular shells, con- 
siderable weight saving can achieved taking ad- 
vantage this increase buckling strength. 

When the experimental investigation described 
herein was initiated 1951, test data the effect 
internal pressure the stability circular cylindri- 
cal shells were limited. The available data for both 
unstiffened and stiffened shells did not encompass the 
parameter ranges likely encountered modern 
aircraft and missile structure. was apparent that 
empirical data were required obtain reliable design 
information. consequence, extensive in- 
vestigation model circular cylindrical shells was 
initiated provide some these data. 

test jig was developed apply axial compres- 
sion, bending, torsion and external pressure, either 
singly combination. The jig also allowed the 
application internal pressure. proper di- 
mensional scaling, model cylinders could selected 
that were parametrically equivalent full-scale 
structures. This equipment permitted the use 
low-cost models lieu full-scale structure. 

Initially, the unstiffened shells were fabricated 
from fiberglass Mylar sheet. However, shortly 
after the beginning the program, foil-gage alumi- 
num and stainless steel became available and these 
materials were used the majority tests. Many 
the specimens were fabricated with single 
longitudinal, adhesive-bonded lap joint. Some 
the later unstiffened cylinders were seam welded, 
which proved satisfactory technique. Ad- 
hesive bonding was also used the fabrication the 
ring and stringer reinforced test shells. Unfortu- 
nately, the stiffened cylinders could not used 
study the ultimate strength the shell because pre- 
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PRESSURE LOAD STRUT 
GAGE 
LOAD STRUT 
PRESSURE INLET 
WATER INLET. 


CIRCULAR 


TORSION 


TORSION LOAD CELL 
BENDING LOAD CELL 
BENDING LOAD STRUT 


Fig. 1—Test-jig schematic 


mature failure was induced the bond between the 
skin and the stringers. 

The present paper includes description the test 
techniques used these investigations and presents 
the results some the tests. 


Unstiffened Cylinders 


Test Specimens 


the initiation the investigation, metal foil 
was not available large sizes and, result, the 
first specimens were fabricated irom fiberglass my- 
lar with single longitudinal, adhesive-bonded lap 


Fig. 2—Test apparatus with Mylar cylinder 
position for test 


joint. Although the fabrication and testing these 
specimens were satisfactory, was found that the 
mechanical properties these materials varied from 
specimen specimen and consistent results were dif- 
ficult obtain. Early the program, foil-gage 
2S-H-18 aluminum alloy and 18-8 half-hard stain- 
less steel became available rolls in. wide, 
and these materials were used fabricate the speci- 
mens for the remaining tests. 

Over 200 test cylinders were fabricated from stain- 
less steel and aluminum-alloy foils. The cylinders 
were fabricated with wide longitudinal lap 
joint bonded with Epon adhesive which was cured 
under pressure 200° Use adhesive bonding 
had the advantage that residual stresses were re- 
duced. The bonded joint did not appear interfere 
with the buckle pattern any the specimens. 
Some the later test specimens were fabricated 
seam welding, which proved faster and simpler 
technique. Although some wrinkling occurred the 
seam the welded cylinders, appreciable differ- 
ence could noted between the buckling stresses 
the bonded and the welded cylinders. 

The test cylinders were fabricated from 0.005- 
inch-thick aluminum foil and 0.0032-, 0.004- and 
0.0087-in. stainless-steel foil. These 
nesses were the averages number micrometer 
measurements, and the maximum variation thick- 
ness from the mean was less than 10%. The cylin- 
ders were tested with unsupported lengths 9.5 and 
The length the cylinder was perpendicu- 
lar the direction rolling the sheet material. 
Sample specimens the foil were regularly tested 
determine the modulus elasticity and the com- 
pressive yield strength the aluminum and steel. 
The modulus elasticity used evaluating the test 
data was 10.5 27.0 psi, respectively, 
for the aluminum and stainless-steel foils. 


Fig. 3—Ripples pressurized torsion specimen 
prior buckling 
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Test Apparatus and Procedures 


jig was developed test circular cylinders 
in. diameter and variable lengths. 
schematic drawing the jig shown Fig. and 
mylar cylinder shown position for testing 
Fig. 

The test cylinders snugly fitted the lower and 
upper 3-in. aluminum heads the test jig. The 
cylinders were pressed carefully onto these heads. 
The cylinder was placed the lower head, and the 
internal strut and load cell were connected. The 
lower head was raised slowly hydraulic pressure 
and, the same time, the cylinder was guided 
the upper head the jig. The cylinder was stabi- 
lized small internal pressure prevent damage 
slipped over the upper head. the lower head 
continued rise, the position the cylinder the 
heads was carefully measured and the lower head 
was guided keep the cylinder square the heads. 

Each cylinder was firmly clamped the heads 
with rubber-lined steel bands which were tightened 
with bolts predetermined torque. hold the 
cylinder more tightly the heads, eight lugs were 
screwed against each band. The bands prevented 
slippage and leakage between the heads and the 
cylinder. 

Compressive, bending and torsion loads were ap- 
plied the cylinder with hydraulic struts and were 
measured with Baldwin type U-1 SR-4 strain indi- 
cators. The axial strut and the load cell for com- 
pression are visible through the transparent mylar 
cylinder Fig. bending moment torque 
was applied the bottom head two cables which 
were activated hydraulic strut. The pulley- 
cable loading system for applying these loads 
shown schematically Fig. Heavy-duty ball- 
bearing aircraft pulleys and steel cables were 
used apply these loads. check test indicated 


Fig. buckle pattern for unpressurized cylinder 
compression 


that the friction the pulley system was negligible, 


which assured equal loads both cables. Internal 
pressurization was pneumatically applied and was 
varied from about psi. External pressure was 
applied partially evacuating the cylinders. 

The control console shown Fig. was used 
regulate the strut pressures. The loads were 
measured SR-4 load cells. Internal vacuum 
pressure was generally measured 5-ft mercury 
manometer reading 0.1 in. Wallace-Tiernan 
dial manometer with least reading 0.05 in. 
water was used read low pressures. 

Before applying any other load, compressive 
force equal the dead weight the lower head 
the test jig was applied the specimen. the 
bending and torsion tests, additional compressive 
load could also applied the lower head bal- 
ance the longitudinal tension force applied the in- 
ternal pressure. For combined loadings, the order 
application loads had effect the magnitude 
the critical stresses. 

When the internal pressure exceeded psi, the test 
cylinders were partially filled with water for safety 
purposes and the average internal pressure reported. 
The dead weight the water was balanced the 
central load strut. 

The buckling loads the test specimens were de- 
termined visually. For most specimens, visual de- 
termination the buckling load was relatively simple 
because the buckles often snapped 
Occasionally buckles appeared grow out rela- 
tively large initial irregularities. Incipient buckling 
pressurized cylinder was often indicated the 
formation circumferential ripples. Although in- 
itially very shallow, these ripples could seen easily 
the reflected surface the cylinder, shown 
Fig. for torsion. The load which buckles with 
well-defined longitudinal and transverse wave lengths 


5—Typical buckle pattern for pressurized cylinder 
compression 
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Fig. 6—Typical buckle pattern for pressurized cylinder 
bending 


formed was always within 10% the initial rippling. 
Just prior buckling, the ripples often extended over 
the entire length the cylinder. 

The final buckle pattern extended only over por- 
tion the cylinder. the case pressurized 
cylinders, generally only one two series buckles 
occurred. The buckles appeared elastic and 
visually disappeared upon removal the load. Some 
the cylinders were retested with equal larger in- 
ternal pressure. Slightly lower values critical 
stress were often obtained with equal pressure, indi- 
cating that some permanent distortion the shell 
had occurred during the previous test. 


Test Results 


For the unstiffened cylinders, five loading condi- 
tions have thus far been studied: pressurized cylin- 
ders compression, bending and combined compres- 


Fig. 7—Typical buckle pattern for hydrostatic pressure 


sion and torsion; combined external pressure and tor- 
sion; and pressurized cylinders torsion. The 
analysis the data and recommended design curves 
for the first four the loadings have been reported 
previous Typical buckle patterns for 
these loading conditions are shown Figs. through 
10. The results the tests pressurized cylinders 
torsion are presented below. 

The effect internal pressure the torsional 
buckling stress has been considered two previous 
papers. Crate, Batdorf and developed 
for combined pressure and torsion based limited 
series tests. Hopkins and derived small 
theoretical analysis modifying Don- 
nell’s original analysis for unpressurized cylinders. 
Their theoretical calculations generally agreed well 
with the experimental results Reference and sub- 


TABLE 1—RESULTS TESTS UNSTIFFENED CYLINDERS TORSION 


18-8 half-hard stainless steel, psi, 8.75 in., 22.5 in. 


Specimen Specimen 
No. r/t Pp, psi 7, psi 6, deg No. r/t Pp, psi r, psi 6, deg 
112-1 1005 2162 95-1 2734 569 
114-1 1006 2256 223-1 2734 250 
94-1 2734 487 
Pressurized 
204-1 1006 4.4 7407 109-1 2734 2.4 4688 
205-1 1006 4.4 7168 105-1 2734 4.4 6173 
203-1 1006 8.4 9582 106-1 2734 8.4 10559 
206-1 1006 8.4 9295 266 2734 8.4 9542 
202-1 1006 16.4 14600 267 2734 8.4 9502 
207-1 1006 16.4 12903 268 2734 8.4 9542 
217-1 1006 20.4 14409 107-1 2734 16.4 14620 


218-1 1006 20.4 14791 


ay 


Fig. 8—Typical buckle pattern for combined torsion 
and external pressure 


Fig. buckle pattern for unpressurized cylinder 
torsion 


stantiated the semi-empirical interaction curve. The 
present investigation was made extend the test 
data the range internal pressures and radius 
thickness ratios current interest missile and air- 
craft design. 

total unpressurized and pressurized model 
circular cylinders were tested torsion. For the in- 
ternally pressurized specimens, the longitudinal ten- 
sile stresses induced pressure were balanced 
compressive load. The geometry the cylinders 
and the test data are given Table photo- 


Fig. 10—Typical buckle pattern for pressurized cylinder 
torsion 


Rs 


20 


TORSION STRESS RATIO, 


& O- r/t +2734 
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Fig. curve for cylinders torsion 
with lateral internal pressure 


graph typical buckle pattern for unpressurized 
cylinder shown Fig. and for pressurized cylin- 
der Fig. 10. expected, the angle which the 
buckles made with the axis the cylinder increased 
the ratio the internal pressure the torque in- 
creased (refer Table 1). 

Fig. 11, the test data are compared the inter- 
action curve Reference calculating the val- 
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c. STRAIN GAGE LOCATIONS IN TYPICAL PANEL 


Fig. details and strain-gage locations 


ues the buckling stress for alone has 
been defined the average the experimental val- 
ues. calculating the values R,, the buckling 
stress for external lateral pressure alone has been cal- 
culated from Reference may seen Fig. 
that the interaction curve adequately describes the 
behavior circular cylinders torsion with internal 
lateral pressure. Based the present data, the in- 
teraction curve Fig. for design 
within the range parameters investigated. 

should noted that the experimental data 
Fig. are for cylinders under lateral pressure only 
and, therefore, the data indicate the direct benefit 


ay 


Fig. setup for pressurization 
stiffened cylinders 


internal lateral pressure the torsional buckling 
stress. If, addition, the cylinder axially preten- 
the cylinder heads, additional benefit would result. 
can easily shown Mohr’s circle construc- 
tion that torsional stress 0.707 required 
before compression induced the skin hydro- 
statically pressurized cylinder. low values 
the benefit the axial tension relatively small 
but, large values pr/t, the effect the axial 
stress induced internal pressure would expected 
predominate. 


Stiffened Cylinders 


reducing the thickness the skin, radius and 
length, proper scaling stiffened cylinders requires 
also scaling rings, stringers and attachments. 
This has been difficult accomplish inexpensively. 
Scaling the attachments especially difficult. 


TABLE 2—RESULTS TESTS STIFFENED CYLINDERS 


Specimen Ter, Before 
0.0087 0.0087 40.4 7.08 2.75 
6/9 8.6 10° 1.0 10° 
0.0032 0.0032 7.08 10/15 9.47 10° 1.0 10° 
0.0032 0.0087 3.4 14.7 10/13 8.7 10° 1.8 10° 
10S 0.0087 0.0087 4.3 14.7 32/38 11.8 0.9 10° 
11S 0.0087 0.0087 4.3 14.7 31/39 10.3 0.8 
10.0 10° 1.1 10° 
(average) (average) 


The lower torque the initial buckling and the high torque obtained from the interaction the load deflection curves the un- 


buckled and the buckled states. 
b Insufficient data. 


The present tests were initiated investigate the 
feasibility fabricating small-scale models eco- 
nomically adhesive-bonding techniques. par- 
ticular, the use adhesive bonding considerably 
simplifies the attachment the stiffeners the 
shell. 

Two problems were chosen for study this pilot 
series: (1) the stress distribution the stringers and 
skins pressurized stiffened cylinders and (2) the 
tension-field behavior unpressurized and pressur- 
ized stiffened cylinders. The data obtained were the 
stress distribution due internal pressure and /or 
torsion, the panel buckling torques, and the effect 
internal pressure the torque-rotation relation- 
ship. was intended obtain data the ulti- 
mate strength and mode failure but premature 
failures the adhesive bond occurred. Described 
herein are the fabrication the model cylinders, 
the test equipment and procedures, and the test 
results. 


Test Specimens 


photograph typical test specimen shown 
Fig. 12. The cylinders were fabricated from 
0.0032- and 0.0087-in. thick, half-hard stain- 
less-steel They had length in., 
radius 8.75 in. and ratios approximately 1000 
and 2730. The stringers were formed from the 
same material the shape shown Fig. 13. The 
ring stiffeners were formed from 2024-T3 aluminum 
alloy the cross section shown Fig. 13. The loca- 
tion the internal rings and the number external 
stringers were varied during the test program. Table 
summarizes the important dimensions the cylin- 
ders. 

The fabrication sequence for the shells was fol- 
lows: (1) the longitudinal seam the shell was 
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Fig. 15—Stress distribution from internal pressure 


bonded, (2) the hat-section stringers were bonded 
the outside surface the shell and (3) the aluminum 
rings, which were split allow reduction diam- 
eter for insertion inside the cylinder, were then 
bonded place. Rings, stringers and cylinders 
were bonded under temperature and pressure with 
Epon adhesive. 


Test Apparatus and Procedures 


For the tests investigate the stress distribution 
under pressure alone, both the sheet and the stringers 
were bolted 1-in.-thick heads, shown Fig. 14. 
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field stringer loads the heads. 


along the stringers between rings. 


tion relationships. 


Fig. 16—Buckle pattern for pressurized 
stiffened cylinders torsion 


Doubler strips and fittings were used the ends 
provide sufficient contact area. The test jig used for 
the torsion tests stiffened cylinders was the same 
that described for unstiffened shells, with clamps 
bolt the stringer ends the top and bottom heads. 
clamps were required transfer the high-tension- 


Strain rosettes were placed back-to-back the 
skin panels, and six axial gages were mounted across 
sections the stringer between rings. 
strain-gage layout shown Fig. One the 
strain gages was located the inside the hat sec- 
tion and becomes inaccessible during subsequent fab- 
rication the shell. this gage was 
mounted and the wires were attached and insulated 
before assembly the test specimen. For most 
specimens, strain gages were located five sections 


For the torsion specimens, dial indicators were used 
measure the rotation the movable lower head 
the jig with respect the upper fixed head. These 
measurements were used establish the torque-rota- 


Test Results 


STRESSES INDUCED INTERNAL PRESSURE—A com- 
parison between theory and test shown Fig. 
for typical specimen. data shown are the re- 
lationships between the axial sheet and stringer 
stresses function the distance between rings. 
Crown and flange stresses are shown for the stringer. 
Internal pressure causes outward bowing the 
stringers between rings indicated the crown and 
flange stresses. 

Theoretical predictions the longitudinal sheet 
and average stringer stresses, neglecting stresses in- 
duced compatibility strains between stringers, 
rings and sheet, are shown Fig. 15. The 
based equal axial deformations for the sheet and 
the stringers which gives 


A,/ 
= oa(1 2u) 


Note that the average longitudinal sheet and stringer 
stresses are not equal. This inequality result 
the Poisson’s ratio effect which occurs the sheet 
under biaxial tension but absent the longi- 
tudinally stressed stringers. 

Good agreement was found between test and 

theory for the midspan average stringer stress, but 
the stresses adjacent the rings are significantly 
different than predicted. experimentally deter- 
mined axial skin stress maximum about 25% 
less than predicted. 
TENSION-FIELD this series speci- 
mens, the torque was applied after the cylinder had 
been pressurized. photograph highly developed 
tension-field buckles typical specimen shown 
Fig. 16. 

The torsional rigidity the prebuckled and post- 
buckled cylinders was studied measuring the rota- 
tion the lower end the cylinder with respect 
the upper fixed end. Table summarizes the data 
from the cylinders under torsion. Plots the 
torque-rotation data for one configuration are shown 
ridigities both the unpressurized and the pres- 
surized shell are approximately the same after, well 
before, panel buckling. The torque which 
buckling occurs increased, course, the internal 
pressure increased (refer Table 2). The shear 
modulus the unbuckled shells averaged 10.0 
10° psi for all the specimens, whereas the theoretical 
The shear rigidity calculated from the postbuckling 
portion the curve averaged 1.1 psi and ap- 
peared the same for the unpressurized shell 
pressures 3.7 psi. 

The stringer stress distribution caused diagonal 
tension shown Fig. for cylinder with 
0.0032-in.-thick skin, 0.0087-in.-thick stringer ma- 
terial and aspect ratio about The effect 
torque the stringer stress negligible until sheet 
buckling occurs. diagonal tension the sheet 
significantly increases the stringer axial stresses and 
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Fig. torque-rotation results for stiffened cylinders 


applies inward radial load which causes bending 
the stringer. Fig. are shown graphs stringer 
stresses induced unpressurized 
cylinders tension-field action. Note that the dis- 
tribution the bending stress caused torsion 
the unpressurized cylinder similar that caused 
internal pressure, but the opposite sign. Asa 
consequence, the diagonal tension stringer axial and 
bending stresses are partially relieved the internal 
pressure axial and bending stresses, indicated 
This partial balancing stresses may have 
important beneficial effects those cases which 
forced crippling the compression side the 
stringer precipitates ultimate failure the stiffened 
shell. 

was intended that the test specimens should pro- 
vide data the ultimate strength well the 
stringer and skin stress distribution and after 
buckling the panels. However, most the speci- 
mens failed prematurely either the longitudinal 
seam result buckles forcing their way under 
the stringers and destroying the adhesive-bonded 
joint. Although difficulties this kind were en- 
countered, nevertheless believed that proper de- 
sign the test specimen and the use the proper ad- 
hesive would make the specimens useful for studies 
ultimate failures. 
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Fig. 18—Typical diagonal tension stringer stresses 
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Damping Characteristics Pipes Vibrating Flexure 


and Filled with Various Materials 


Tests indicate that, general, filling pipe flexure with any material, 
liquid solid, increases its damping characteristics 


Ahmed Ezzat 


and pipes vibrating flexure and 
filled with various materials have been problem 
power plants, factories, airplanes and tankers. The 
present experimental investigation was carried out 
pipe vibrating flexure and filled with various materials, 
both liquid and solid. The tests showed that, general, 
filling pipe flexure with any material, liquid solid, 
increases its damping characteristics. increase the 
kinematic viscosity the filling liquid, decrease 
the size the particles the filling solid, will result 
corresponding increase the equivalent damping 
factor the system. 


General Objective Work 


Vibrating tanks and pipes are frequently encountered 
every-day engineering practice. power plants 
and factories, well airplanes and tankers, 
vibrations are transmitted pipes and tanks which 
are filled with various fluids. The main objective 
this work study experimentally the effect 
the damping characteristics for flexural vibrations 
pipe with various materials. 


Experimental Equipment 


The experimental equipment comprises 5-lb 
Calidyne shaker connected power supply and 
variable frequency oscillator. aluminum alloy 
pipe in. diam, in. long and 2.4 weight 
was supported two swivel bearings mounted 
rigid steel frame. One end was closed and the other 
end was fitted with screw which permitted 
filling with various materials. The pipe was 
centrally placed over the shaker plate which was 
fitted with aluminum section. This was fixed 
such position that its web would normal the 
axis the pipe and just touching its lower part. The 
function the web the T-section was strike the 
pipe its center, thus transmitting the vibrations 
from the shaker plate it. sensitive millivolt- 
meter was used register the voltage output the 
shaker pickup coil which proportional the 
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velocity the shaker plate. The assembly the 
experimental equipment shown Fig. 


Shaker Equipment 


The shaker and the associated power supply and 
the variable frequency oscillator have been matched 
provide sinusoidal mechanical excitation over 
wide range frequency. The control cabinet 
associated with the shaker contains three chassis 
units comprising the complete power supply system 
for the shaker. The top chassis contains the d-c field 
supply for the shaker, and the field current main- 
tained constant throughout the whole range test- 
ing. The bottom chassis contains the variable fre- 
quency signal source, Hewlett-Packard 202D 
oscillator having frequency range from 70,000 
cps. shaker amplitude and frequency were con- 
trolled from the panel this chassis. middle 
chassis contains the model power amplifier, the 
output which coupled the shaker-armature 
connection through Variac constantly variable 
auto-transformer) and armature-current indica- 
tor. 


Shaker 


This model Calidyne shaker with arma- 
ture suspended strap maintain the 
alignment the armature coil the air gap. The 
electrical connection the shaker the control 
cabinet made means five-conductor cable. 
The cable supplies both the d-c field and the a-c 
armature current and also ground connection. 
The shaker mounted concrete block which 
held four stiff springs and eight rubber pads 
steel framework. The velocity the armature 
established voltage generated special coil, 
designed for this purpose, which moves this 
magnetic field. 


Experimental Procedure, Results 
and Discussion 


The pipe was mounted its proper position over 
the shaker plate, touching the top end the 
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Fig. la—Experimental equipment 
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section web and the equipment was adjusted have 
maximum power amplification together with op- 
timum conditions operation. The amplitude was 
adjusted certain suitable value and the frequency 
was increased. values the shaker output 
voltage volts were recorded each corresponding 
frequency setting. was repeated both in- 
creasing and decreasing frequencies detect for the 
consistency and repeatability the recorded values. 
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Fig. 2—Tests with pipe empty 
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Fig. 3—Tests with pipe full light lubricating oil 
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Fig. 4—Tests with pipe full C-109 sand 
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the neighborhood the apparent maximum 
readings, very small increments frequency were 
provided define the resonant frequencies with 
error less than 0.5 

This procedure was carried out with the pipe 
empty and similar way was repeated with the 
pipe full various materials. noted here 
that, the whole range experiments covered 
the present work, the pipe was supported hinged 
ends (swivel bearings) This condition was preferred 
mainly able keep the end conditions 
similar possible when dismantling and returning 
the pipe position. 

variety materials was used fill the pipe. 
determine the effect liquids upon its damping 
characteristics, the pipe was filled with liquids 
different densities and viscosities, namely, water, 
fuel oil, light lubricating oil and heavy lubricating oil. 
The effect solid substances its damping char- 
acteristics was determined packing the pipe with 
granite gravel and two different grades 
Ottawa sand (C-190 and C-109, respectively). 

The curve correlating the frequency the voltage 
output the shaker coil was drawn for each case. 
Figures and show three typical curves repre- 
senting three tests carried out (1) with the pipe empty, 
(2) with the pipe filled with light lubricating oil 
0.888 g/cc and and (3) with the pipe 
filled with C-109 Ottawa sand. For each case the 


value the equivalent damping factor the 
system computed using the formula: 
ve 


where and are the frequencies the 
resonant frequency the system; and 
the volt reading, resonance, the shaker coil; 
the equivalent damping coefficient the system 
and its equivalent critical damping coefficient. 
the equivalent spring constant the 
system, then 


From the previous relations the values and 
were also calculated and tabulated Table 

From Figs. and seen that, filling the 
pipe with either liquid solid, the value de- 
creases and the curve flattens. Both changes con- 
tribute increase the value the equivalent 
damping factor the system. 

Figs. and the values the gain the equi- 
valent damping factor the system are drawn 
semilogarithmic basis, against the viscosity for filling 
fluids and against particle size case solid sub- 
stances. 

the former case, obvious that steady uni- 
form increase obtained with increase the 
viscosity the filling fluid. 
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TABLE I—RESULTS TESTS WITH EMPTY PIPE AND WITH FILLED PIPE 


Ce, Cee, A Ce, ACce, 
tion poise gm/cc X10 cps volts cps fe Ib. ps ps Ib/in. Ae ps ps Ib/in. Ib2/in.4 
Pipe full of: 
Fuel oil 11.4 0.84 650 4.35 1.70 3.82 325 0.195 1.15 1.62 132 4.01 
Light lubri- 
cating oit 258 0.888 14,000 0.482 4.44 1.88 3.90 137 4.38 
Heavy lu- 
bricating 
oil 740 0.904 39,400 4.51 2.09 4.00 338 0.272 1.54 1.8 145 4.75 
Particle 
Pipe full of: size, mm, 
average 
Granite 
gravel 9.55 1.56 0.67 0.286 6.0 1.56 5.45 0.036 1.01 3.25 291 16.4 
C-190 Ottawa 
sand 0.59 0.62 6.35 1.96 6.4 625 0.056 1.41 4.2 
C-109 Ottawa 
0.10 


0.08 
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LB/IN® PER SEC x 107* 
0.04 
Fig. 5—Change equivalent damping factor, due 
change viscosity filling liquid 
was thought that the density the fluid might 
have effect and hence Fig. was drawn 
semilogarithmic basis showing the changes 
with the kinematic viscosity* for the filling fluid 
noticed that the two curves are almost similar 0.1 
behavior which might suggest, some extent, MM. PARTICLE SIZE 


Fig. 6—Rate change equivalent damping factor with 
* Kinematic viscosity is the ratio of viscosity to density. particle size of filling solid material 


IN. SEC. 
Fig. 7—Change equivalent damping factor, due change kinematic viscosity, filling liquid 
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LB/IN PER SEC 


Fig. 8—Change equivalent critical damping coefficient, 
accompanying change equivalent spring constant, 
system, owing the pipe with liquid solid ma- 
terial 


the independence Af, However, re- 


called that 
and that 
Ce, = 2m-wn or Ce, = sy Ww 


and hence W.K, which points out that 
indirectly affected the density the fluid, through 
its effect upon 

This favored the plotting the changes the 
equivalent critical damping coefficient AC,, against 
AK, Fig. and against the product Fig. 
can seen that the increase the equivalent 
spring constant AK, necessarily accompanied 
slight increase the equivalent critical damping 
perceived that obtain big increase 
large increase the product essential. 

Plotting the change both and against the 
kinematic viscosity revealed the fact that they both 
behave almost similar manner, resulting 
steady increase with increase the kinematic 
with increasing kinematic viscosity but seems that 
the rate increase more than that noticed 
with Since the fluids used change considerably 
viscosity while the change their densities very 
small, seems reasonable state that the equiv- 
alent coefficient damping dominantly 
affected the change viscosity, while 
affected the change density. 

the case filling the pipe with solid material, 


LB/IN 


Fig. equivalent critical damping coefficient, 
with joint change equivalent spring constant, K., 
and density, filling material 


can concluded that the increase the particle 
size decreases the gain and the system. 
This might due the fact that the smaller 
the particles are, the more the friction and con- 
sequently the better the damping characteristic 
the system. 


Conclusions 


general, the filling pipe flexure with 
any material, liquid solid, increases its damping 
characteristic. other words, the equivalent 
damping factor the equivalent critical damping co- 
efficient and the equivalent damping coefficient, 
all increase magnitude. 

equivalent spring constant the sys- 
tem increased filling the pipe with liquid 
solid material. However, the rate increase K,, 
when the pipe filled with liquid, increases with the 
increase the kinematic viscosity certain 
value after which begins hardly affected 
with further increase (Fig. 12). 

Generally speaking, the equivalent critical 
damping coefficient the system C,, increases the 
product increases, but large increment 
6-AK, necessary effect noticeable increase 
(Figs. and 9). 

The increase kinematic viscosity the 
filling liquid results corresponding increase the 
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Fig. change kinematic viscosity, filling liquid the rate change both 
equivalent critical damping and damping coefficients, and, the system 


equivalent damping factor the system (Fig. 7). 
Moreover, decrease the size the particle the 
filling solid material increases, well, the value 
(Fig. 6). 

The rate increase the equivalent damping 
coefficient and that the critical damping co- 
efficient C,, increases with either increasing kine- 
matic viscosity fluid with decreasing particle 
size filling solid. However, case liquids, 
seems that more affected changes than 
the other hand, case solid material, 
the change the particle size affects more than 
does (Figs. and 11). 
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Structural Testing High Temperature 


Equipment, techniques and methods developed during the course 
the tests, well some the special problems that were introduced 
simulating fuel conditions, are described and discussed 


Louis Young 


ABSTRACT—This paper describes the equipment and pro- 
cedures used testing large multicell box beam under 
various combinations applied loading and transient 
heating. Data are presented the performance ra- 
diant-heat lamps when enclosed aluminum reflectors 
and powered automobile-type batteries. addition, 
solutions are given the following special problems intro- 
duced simulating fuel conditions: (1) sealing the speci- 
men without disturbing the normal paths for heat flow; 
(2) protecting strain gages and thermocouples from the 
simulated fuel. 


Introduction 

Tests were conducted Lockheed Aircraft Corp. 
Louis Young is Structures Engineer. Lockheed Aircraft Corp., Burbank, 


Paper was presented at 1960 Spring Meeting held in Indianapolis, Ind., on 
May 18-20. 


large box beam for the purpose securing two 


types information under simulated conditions 
structural loading and transient heating. One was 
data the structural behavior the beam, either 
when empty containing fuel. The other was 
develop equipment, techniques and methods for 
duplicating external loading and aerodynamic heat- 
ing. This paper concerned only with the equip- 
ment, techniques and methods that were developed 
during the course the tests and with some special 
problems that were introduced simulating fuel 
conditions. 


Test Program 


The tests were conducted under the following 
conditions: 


4 7 
4 
| 


Types tests: 
(a) Room temperature with load. 
(6) High temperature without load. 
(c) High temperature with load. 


Types loading: 
(a) Constant moment. 
(6) Constant shear. 
(c) Pure torsion. 


Types fuel conditions: 
(a) Empty. 
(6) Half full. 


Box Beam 


The outlined test program was for the 150-in.-long 
four-celled rectangular box beam 420 stainless 
steel Fig. that had length-to-width ratio 
approximately the total length, only 
little more than the central third was actually used 
the heated test specimen. The outside end por- 
tions acted principally jigs for supporting, loading 
and restraining the central portion. 


Sealing 


Because simulated fuel conditions that were 
involved some the tests, the box beam had 
have all its joints, external rivets and other openings 
sealed order prevent the make-believe fuel from 
leaking out. The internal strain gages and thermo- 
couples also had protected from possibie de- 
trimental effects the simulated fuel. addition, 
the sealants had withstand temperatures 
approximately 600° 

Selection sealants and sealing techniques meet 
the above requirements involved extensive investi- 
gations and trials. After these investigations, the 
external skin panel rivets were sealed with Silastic 
dispersion S-6-128, while Silastic sealant S-2007 was 
applied over all skin and stringer splices, rib-to-skin 
attachments, internal strain gages and some the 
thermocouples. 

The panel joints the spars were sealed 
applying Silastic between external sealing strips 
and the skin-panel joints. This procedure elimi- 
nated any insulating effects the sealant between 
the skin and spars and permitted the latter func- 
tion heat sinks. The joints the outside spars 
were sealed with the aid U-shaped sealing strips 
that extended around the edge the joint. Here too, 
good thermal contact was maintained having 
sealant between the skin panels and spar. After 
application the sealant, the Silastic was vulcanized 
large aging oven. 

Thiokol PRC 5501 was used for sealing the speci- 
men’s end assemblies. This sealant required 
heating effect cure, but could used only 
cool regions where room temperature was not ex- 
ceeded appreciably. 

Copper tubes were used keep the electrical 
leads the internal strain gage and thermocouple 


dry. These tubes were brought out the box beams 
through its outside spars and the end assemblies. 
Kirksite was poured over these tubes their exit 
ports the spars while Thiokol PRC 5501 was used 
seal their exits the end assemblies. 

Inside strain gages were installed and sealed 
shown Fig. For outside gages, the second layer 
cement and some varnish completed the installa- 
tion. 

The internal thermocouples were sealed 
manner which was similar that used seal the 
strain gages. They were placed, however, direct 
contact with the skin and had only the second layer 
cement and the sealant that were used the 
strain-gage installation. 


Simulated Fuel 


Some the box-beam tests were made order 
simulate thermal conditions with the beam half full 
JP-5 fuel. eliminate the fire hazard, non- 
flammable substitute for JP-5 was sought that would 
carry the same amount heat away from the skm 
and internal structure JP-5 does given tem- 
perature. One way depicting the rate which 
fluid convects heat away from surface the con- 
vective heat-transfer modulus, which defined 
Fig. 

Experimental investigations showed that nomi- 
nal mixture carboxy-methyl-cellulose (CMC) 
water most nearly simulated the thermal proper- 
ties JP-5 fuel over the temperature range from 
230° While the CMC and water mixture 
duplicated the heat transfer properties JP-5 fuel 
reasonably well, did not duplicate the boiling 
point. JP-5 fuel boils temperature between 
325 and 375° while the CMC water mixture 
boils 230° However, matching both the con- 
vective properties and the boiling point was virtu- 
ally impossible. 

was originally thought that the thermal proper- 
ties sloshed JP-5 fuel should duplicated order 
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Fig. 2—Typical strain-gage installation 
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simulate better the fuel conditions existing 
flying aircraft. however, showed that the 
convective heat-transfer modulus Fig. was ex- 
tremely sensitive small changes the amount 
agitation the fuel, and that the effects fuel 
sloshing could accounted for only some standard 
amount sloshing could agreed upon. The 
difficulties involved accounting for these factors 
led selecting slightly higher value for the 
simulated fuel than what would appropriate for 
unsloshed fuel. 

Since the simulated fuel quite viscous, approxi- 
mately like honey, special equipment had 
designed for storing and transferring and from 
the specimen. 


Supporting, Loading and Restraining Systems 


loading beam, suspended above the specimen 
four posts, was used support the test item, 
act loading jack platform and support the 
upper surface radiant heating lamps and some heat 
reflectors. One side the loading beam was tied 
into concrete block house order prevent lateral 
motion the loading beam and eliminate all side 
loads the posts. 

Support connection the specimen the load- 
ing beam was provided tie rods 
the ends the specimen, depending whether the 
end reactions were tension compression. Since 
specimen loading was possible outside the heated 
zone the specimen, standard hydraulic jacks were 
used. Normal provisions for restraint prevented 
lateral and longitudinal motion the specimen with- 
out restriction vertical deflection surface slope 
under thermal externally applied loads. 


Heating System 


The purpose the heating system was apply 
heat the upper and lower surface the box beam 
modes and rates corresponding those expected 


flight. early date, radiant lamps were 
selected provide the heat they provided very 
efficient transfer electrical energy into thermal 
energy. Sixty-five percent efficiency was more than 
feasible opposed maximum efficiency ap- 
proximately 15% for hot air systems. battery- 
powered direct-current system was also decided 
because was inexpensive and all necessary com- 
ponents were immediately available. 

The General Electric 1000 radiant-heat lamp 
was selected the heat source. This lamp 
outside diam, clear-quartz tube that approx- 
imately in. long and rated 220 may 
used considerably higher voltages. The char- 
acteristics this lamp under direct current are 
shown Fig. Note that the lamp’s wattage 
this figure varies approximately the 1.5 power 
the voltage, and 365 the lamp draws 5.6 amp 
current with output kw. 

The lamp holders, Fig. were designed with 
highly polished aluminum reflectors. Their surface 
dimensions were in., with heating lamps 
placed center-to-center spacing 0.55 in. 
any multiple thereof. This spacing permits mount- 
ing lamps each half the lamp holder 
with resulting output Btu per square foot 
per second 450 With six lamps per lamp 
holder, these lamp holders were supported 
the loading beam above the specimen and, below, 
similar amount were mounted mobile cart that 
could moved for removal the specimen. 

Power for the heating system was supplied 490 
six-volt automobile storage batteries. bat- 
teries were located specially ventilated battery 
room near the test area. Because the batteries 
required some charging between each test, was not 
possible conduct more than two The 
arrangement the batteries best understood from 
study the schematic for typical power unit 
Fig. Each such unit contained batteries ar- 
ranged sub-banks batteries. complete 
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Fig. typical power unit 


installation consisted seven such units and included 
circuit breakers, switches charging generators, 
voltmeters and other electrical elements that were 
aligned against two walls the battery room. 

The two 26-position switches the control panel 
Fig. provided manual control for the battery- 
lamp circuit independently heating the upper and 
lower surfaces the specimen. switches had 
thirteen different power settings with alternate 
positions breaking the circuit. The different power 
settings are given Table 

Besides these power settings, the power the 
lamps could varied connecting the lamp holders 
parallel series arrays. 


TABLE 1—THE RELAYS CLOSED EACH POWER SETTING 

Relay designations refer Fig. 

Battery sub-bank Resistance 


Power setting relays closed relays closed 


Fig. 7—Control panel. upper-surface program control 
switch. lower-surface program control switch. selec- 
tor for master control separate control 


The two switches Fig. were originally in- 
tended supply different power the upper and 
lower surfaces the box beam only the half-full-of 
fluid tests. Because higher convective losses, 
however, atmospheric air the upper surface, 
the lower-surface temperature was 60° 
higher than the upper surface tests with the empty 
specimen when the same power was used heat both 
surfaces. Hence, separate switches were adopted for 
each surface both the empty and the half-full-of 
fluid tests order better regulate the heat pro- 
grams. 

Preliminary calibration tests showed that the 
heated portion the specimen had surrounded 
aluminum reflectors order obtain reason- 
ably uniform heat distribution, along with accept- 
ably high efficiency the transfer thermal energy 
from the lamps the specimen. These reflectors, 
which are shown Fig. prevented direct viewing 
the specimen’s surface for checking possible 
buckles. surmount this difficulty, window 


Fig. 8—Over-all setup for heating and loading the box beam 
showing reflectors place 


Fig. 5—Lamp holder with six lamps 
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material was sought that would transmit light but 
reflect heat. product manufactured the 
Sierracin Corp. called had the desired 
properties. 

Sierracote high-vacuum vaporized metallic 
coating that can applied glass plastic. 
When placed glass, could used viewing 
ports and windows for cameras and motion- 
picture projectors where visible light must trans- 
mitted, but heat filtered out. The picture 
Fig. was through Sierracote. 


Calibration Tests 


the main tests, the box beam had heated 
prescribed time-temperate rates. determine 
how these rates could programmed, some cali- 
bration tests were made which afforded oppor- 
tunity check the uniformity temperature dis- 
tributions the heated area the specimen. While 
various lamp-to-specimen distances were checked 
during calibration, distance 23.25 in. was used 
the actual tests order permit visual inspection 
the surface the heated specimen. 
The results calibration tests for lamp-to-speci- 
men distances 5.25 23.25 in. were given below. 

(It should noted that these results are for heat 
lamps powered direct current and surrounded 
aluminum 

The heating rate the test section the 
specimen independent lamp-to-specimen dis- 
tance for lamp voltages greater than 180 and sur- 
face temperatures less than 400° Above 400° 
the heating rate the test section the specimen 
lamp distance in. about 10% less than 
the heating rate for lamp distances and 
in. 

The thermal efficiency decreases the speci- 
men temperature increases. 

The lower the lamp current, the greater effect 
the surface temperature has thermal efficiency, 
shown Fig. 10. 

The higher the specimen temperature, the more 
nonuniform the heat distribution. 

Even though the individual heat contours 
depend upon the distance between the lamps and 
the the amount surface area within the 

90% heating contours, Fig. 11, virtually in- 
dependent lamp distance. This shown Fig. 

There difference between the heat input 
the surface directly under lamp and the heat input 
the surface between the lamps. tests, how- 
ever, were made with lamp-to-specimen distances 
less than lamp-to-lamp spacing. 

The surface areas within the 90% heating con- 
tours Fig. are plotted Fig. show the 
effects surface temperature and lamp-to-specimen 
distance heat distribution. Several ways 
improve the heat distribution are listed below: 

Using more efficient heat reflector, such 

gold. 
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Fig. view buckled grid box beam 
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Fig. relation between thermal efficiency 
center test area and lamp current 


Replacing side reflectors with lamp holders. 

Increasing the power heat lamps that are 
near the edges the heated area. 

Decreasing the lamp-to-lamp spacing near the 
edges the heated area. 

Heating area which much larger than the 
test area. 

The most practical these suggestions, terms 

economy, are listed methods through 


Instrumentation 


The installation and operation measuring and 
recording devices for strains, temperatures and 
was complicated the need for them 
function accurately high speeds, high temper- 
atures, synchronization with each other, and 
the case some instruments, under liquid. The 
various sensing units also had function over 
wide temperature range and record time syn- 
chronization permit the cross plotting data. 

The strain gages that were used were the etched- 
foil type and made metal Baldwin- 
Southwark. These gages were grouped right 
angles pairs like shear gage pairs and active and 
dummy pairs for axial stresses. Some pairs gages 
also were mounted back back the skin panels 
and the webs the spars order detect 
buckling. 

accounting for the strain due the difference 


& 


thermal expansion between the gage and specimen 
and changes gage resistance with temperature. 
Otherwise, the temperature limit approximately 
400° The temperature limitations strain 
gage not mean that the gage cannot used 
higher temperature; merely, that this the maxi- 
mum temperature which the change resistance 
per unit strain divided the gage resistance 
linear function the strain and which the gage 
will likely reusable condition. 

Strains were read each gage and corrections 
these readings were computed from the change 
temperature the gage. Changes temperature 
for each cluster strain gages, well for the 
specimen and for the simulated fuel, were measured 
with iron-constantan thermocouples. 

Over 250 data signals from strain gages and 
thermocouples were recorded six galvanometer 
channels 36-channel Miller oscillograph. Three 
these channels were devoted strain data and 
three temperatures with signals being commuted 
through stepping switches that scanned all instru- 
ments ev2ry sec. seventh channel was con- 
nected pressure transducer record continu- 
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Fig. 11—Contours heating rate percent heating rate 
center calibration test 


ous trace the externally applied loads from the 
hydraulic jacks. These seven channels were re- 
corded paper tapes that had developed 
photographically. 

The deflection the specimen was recorded 
nine points. Invar rods, having extremely small 
coefficient expansion, connected the specimen 
these points 804 deflection boxes beneath the 
lower surface lampholders. These boxes 
are Lockheed development and were mounted 
the lower lamp cart convert deflections into elec- 
trical signals that could recorded Brown re- 
corder. Recording the start the constant-speed 
paper drive the Brown recorder permitted syn- 
chronization the deflection readings with other 
recorded data. 


Testing Procedures High Temperature 


The use heat structural testing complicates 
testing procedures number ways. Some 
the problems are listed below: 

The thermal effects aircraft structure are 
transient nature. record the true nature 
these effects, all instruments have read ex- 
ceedingly rapidly. This problem was solved the 
Miller oscillograph. 

High temperatures along with heat reflectors 
made the specimen inaccessible for close observation 
during testing. This was solved viewing the 
specimen visually with and motion-picture 
cameras through ports the reflectors. 

High temperature affects the accurate operation 
strain and devices. This was 
solved proper calibration. 

The short duration some tests plus the need 
coordinate load application and thermal input 
made exceedingly difficult adjust techniques 
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Fig. 12—Relation between the area with 100 percent 
the heating rate the center the test area and lamp dis- 
tance for different surfaces. Average lamp current 3.80 
amp per lamp 
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controls during test the manner commonly em- 
ployed static structural tests. Preliminary tests 
eliminated many such problems the actual tests. 

addition the problems listed above, number 
others peculiar this particular program had 
met. These included: 

The accumulation great amounts data be- 
cause the large number strain gages and thermo- 
couples that were used. This resulted major 
data-reduction problem. 

The lag data reduction made 
correct test procedures each day for findings made 
the previous day’s run. Monitored sensing units 
alleviated this situation. 

The effects simulated fuel. For example, 
sealing the internal strain gages and thermocouples 
made necessary have calibrations under both 
wet and dry conditions. These calibrations, which 
were made before each test, showed that the sealant 
had cracked the course testing some the 
strain gages and thermocouples make them in- 
operative the wet tests but still fully effective 
the dry empty tests. 

The steps followed the high-temperature tests 
are outlined below: 

Preliminary checks were made the specimen, 
jig, loading and heating system. 

heating schedule the form disk was 
prepared and attached clock mechanism the 
heating-system control panel. These disks start ro- 
tating the beginning test. Markings the 
disks showed the operator when changes the power 
settings should made create the correct tem- 
perature rise the specimen’s surfaces. 

All instrumentation was turned simul- 
taneously zero time. 

Load was applied increments every 
sec, starting sec after zero time. This stepped- 
load input led almost linear loading rate that 
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could easily duplicated between tests. the 
alone”’ tests, this step was eliminated. 

The power the radiant-heat lamps was in- 
creased decreased the power control panel 
according the setting the heating-schedule disk. 
The disk started rotating zero time while heating 
started zero time plus sec all tests. Because 
these timing disks, the heat program could not 
changed during test. Programming the heat 
was trial-and-error process, and required two 
three preliminary tests before acceptable heat 
program was obtained and placed disk. 

All instrumentation was run continuously from 
zero time minus thirty seconds. 

Critical strain gages and thermocouples, well 
all were monitored throughout each 
test. 

These steps were used all the high-temperature 
tests. 


Duplication Test Results 


The equipment, techniques and procedures just 
described provided temperature- and load-versus- 
time programs that could easily duplicated 
succeeding tests. One way show this super- 
impose elastic strains from and 
tests for comparison with elastic strains ob- 
tained from test conducted under similar but simul- 
taneous conditions heat and load. The favorable 
results such comparison are shown Fig. 13. 
Also shown are the temperature-time curves for the 
alone” and heat-with-load tests. Note that 
the separation between these two temperature curves 
due the difference room temperature the 
two days testing. Another item evident from the 
superposition Fig. that the hydraulic loading 
system very effective accurately reproducing 
load-time programs. 


Conclusions 


Experience gained from tests the large steel box 
beam has been applied other thermal tests and 
provides the basis for current high-temperature 
testing techniques Lockheed Aircraft Corp. 

The equipment, while flexible enough use for 
providing different types heat and load inputs 
several sizes specimens, has undergone some revi- 
sions. The revised heating system uses continuous 
heat control place the 13-step heat programs 
that were provided the two stepping switches. 
addition, the shape the lamp holders has been 
changed order provide increased heating effi- 
ciency. The power for heating also 
changed from batteries large alternating current 
system that eventually will capable heating 
complete airplanes. Battery-powered heating sys- 
tems, however, still provide reasonable and 
economical approach testing aircraft structures 
high temperatures because their low initial cost, 
ready availability components and ease con- 
struction. 
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Twisting Stresses Tape 


The stresses induced thin tape bending 


over pulleys, axial tension and twisting the tape when 
running between two out-of-plane pulleys, are analyzed 


ABSTRACT—An analysis presented the stresses in- 
duced thin tape bending over pulleys, axial 
tension and twisting the tape when running between 
two out-of-plane pulleys. Analytical results are com- 
pared with some photoelastic tests tape models made 
epoxy resin. The weak retardation produced the 
thin tape multiplied repeated light passage through 
the tape and measured bent-beam compensator. 
The tests are especial interest because the rate rota- 
tion the principal stresses higher than had been en- 
countered before. Surprisingly, the experimental results 
uncorrected for rotation are good agreement with the 
calculated stresses. 


List Symbols 

tape width. 

tape thickness. 

depth parabolic segment for entire width 
tape. The units are fringe orders, 

depth segment for central 


width \/3. 
fringe order various points the tape. 


mirror reflectivity. 

light ray which has passed times through 
specimen. 

angle twist over length tape equal 
its width the present report 


always less than 0.17 (twist most one 
revolution length equal twenty 


widths). 

Wer critical twist which buckling occurs. 

coordinate axis direction the thickness 
the tape. 

coordinate axis direction the width 
the tape. 

coordinate axis direction the length 
the tape. 


C. Mylonas and D. C. Drucker are Professors of Engineering, Division of 
Engineering, Brown University, Providence, R. I. 

Paper was presented at the 1960 SESA Spring Meeting held in Indianapolis, 
Ind.,on May 18-20. 

The results discussed this paper were obtained the course research 
sponsored by the International Business Machines Corp. 
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original light intensity. 

light intensity after passages. 

optimum light intensity after 
ages. 

stress optical coefficient, material fringe 
value with units stress per fringe for 
in. thickness. 


strain optical coefficient, strain per fringe 
for in. thickness. 


diameter pulley. 

Young’s modulus. 

focal length collector lens 

shear modulus. 

principal curvature the helix which 
longitudinal fibers twist. 

arbitrary length tape, length un- 
twisted fibers. 

length twisted fibers when the end cross 
sections are held fixed distance apart. 
5461 A). 

longitudinal force applied along axis 
tape. 

ratio twice the rotation principal 
stresses the relative phase retardation 
over light path. 

angle between partially reflecting mirrors. 
normal strain. 

shear strain. 

angle between maximum principal stress 
and tape axis. 

Poisson’s ratio. 

normal stress. 

critical buckling stress. 

longitudinal normal stress due external 
pull 

longitudinal stress and strain when end 
cross sections are held the same distance 
apart the straight and the twisted tape. 
longitudinal normal stress and strain the 
absence external loading. 

shear stress. 

angle twist tape over length 
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Fig. 1—Twisting tape 
between out plane pul- 
leys 


Fig. 2—Detail twisted tape 


The extensive use recording tape computers and 
the possible delays resulting from their damage 
overstress led this study the permissible loading 
and stresses tape. The tape may subjected 
bending over pulley, axial tension and twisting 
between out-of-plane pulleys. The permissible inten- 
sity each these actions can bedetermined from the 
stresses which they produce. general, the relative 
magnitudes the various stresses depend strongly 
the ratio 6/d width thickness the tape, well 
the intensity each loading action. The ratio 
b/d always large, e.g., for typical steel tape 
in.) and 250 for typical plastic tape 
in.). extreme thinness the tape 
allows large angles twist bend with only small 
strains. not too difficult bend the tape over 
length equal tape widths, without any apparent 
damage. Thus, spite the large deflections, 
possible make reasonably accurate analysis 
based small strains with all the usual strength- 
of-materials assumptions. 


Bending Stresses 


tape cross section and Young’s modulus 
under tension running over pulley diameter 
develops peak stresses the extreme fibers: 


The bending stresses alone may very high, and 
their damaging effects may accentuated re- 
versed bending. For steel tape thickness 


mox 12 Ew 


2 
gin 34 Ew 


Fig. 3—Shear stresses and self-equilibrating normal stress 
distribution the cross section the tape 


0.005 in. and 1-in. pulley, the bending stress 
150,000 psi. For plastic tape 0.002 in. thick with 
psi, the corresponding stress only 600 
psi. 


Twisting Stresses 


The twisting the tape between pairs out-of- 
twisted tape shown greater detail The 
relative angle twist the end sections 
described Reference the twisting stresses any 
section can considered consist torsional shear- 
ing stresses and longitudinal stresses due 
change length the longitudinal fibers during 
their helicoidal twisting. The shearing stresses 
for this narrow rectangular section are quite ac- 
curately determined away from the edges as: 


ry = = Gw = 1), 


(2) 
for |x| 


where and are the shear and Young’s moduli, 
Poisson’s ratio for the tape, and ¢/L w/b the 
angle twist per unit length tape, expressed also 
twist angle over length equal the width 


2x b 


Ty = 3/s Ew 


Figure shows the linear variation the shear stress 
where the extreme values are: 
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Fig. 4—Sketch the variation magnitude and direction 
the principal tension over the tape thickness 


Ewd/b 

The longitudinal strains produced twisting can 
calculated easily considering first two cross 
sections held constant distance apart during twist- 
ing. The fiber the axis remains unstrained, but 
all others are deformed helicoidally and increase 
length. The cylindrical helix constant 
slope original untwisted length distance 
from the axis (Fig. 2): 


The corresponding longitudinal strain found 
as: 


max, min +Gud/b 


or 


Even with the largest these variables, the 
higher order terms are less than the first 
and may neglected. Therefore, very closely, 


and the assumption zero cross stress the 
corresponding longitudinal stress 


= 


According (3’), this longitudinal stress al- 
ways positive with maximum value and 
average value now the length the 
tape allowed change freely, the resultant force 
and the average stress will vanish. uniform ten- 
sile stress will subtracted from the parabolic dis- 


gitudinal stress distribution given the parabola 
(Fig. 


with corresponding strain distribution 


Any applied force will add uniform stress 
make total longitudinal stress 


The highest longitudinal stress develops the tape 
edges and the algebraic minimum the axis 

The stress the tape not given and 
alone. The tension the longitudinal fibers, which 
are helicoidal shape, does give rise small com- 
pression the direction the width the tape. 
The are straight, and 
jectories are helices—each which has curvature 
The differential equation equilibrium the 
stress-trajectories is: 


dy + K(o, =0 (6) 
where 
yw?/b? 


the assumption that small, may neg- 
lected comparison with and eq. (6) may 
written 

dey _ 
Equation (7) can because 
yw?/b? 
Substitution and (5) into (6’) gives 
2 
which may directly between the limits 


The complete differential with the exact value 
(7) give the same result (8), the transcendental 
terms the solution are expanded power series 
and terms higher are neglected. Comparison 
with (5’) shows the magnitude the maximum com- 
pressive cross stress less than w?/8 times the 
maximum axial tensile stress 0.012 
for 0.17, the assumption that small con- 
firmed. When the axial force the tape zero, 
the maximum value less than 0.003 
times the maximum 

The strongest but still negligible photoelastic ef- 
fect will appear points where small 
zero. the worst case, the point with stress dif- 
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ference equal zero will displaced laterally 

about two thousandths the tape width. 

With variable linearly over the thickness but 
constant across the width (except the edges), and 
with variable parabolically across the width but 
constant over (Fig. 3), obvious that the 
principal stresses vary intensity and direction not 
only across the width but also through the thickness 

the tape. The principal stresses, their difference, 
and their angle the longitudinal axis are given 


= iv. 


The variations over the tape thickness various dis- 
tances from the axis are shown qualitatively Fig 


TABLE I—STRESSES TYPICAL TAPES 


Steel 
1.00 in. 0.705 in. 0.50 in. 0.125 in. 
0.010in. 0.0112 in. 0.002in. 
b/d 100 250 
max PSi 360 492 18,100 
max 0.00821 0.00461 0.00205 0.00013 
max psi 2460 1730 615 3900 
tan 0.292 0.569 0.233 9.28 
max psi 2510 1860 625 20,209 
Wer, rad. 0.164 0.260 0.065 0.65 
lin. lin. lin. lin. ing the tape and for adjusting 
3000 4160 600 the partial mirrors 
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Fig. photographs after passages through tape. 


The ruled lines represent the maximum tension 
direction and magnitude. the very edges, 
and are zero and coincides with intensity 
and direction. Just inside the edges varies 
Fig. but strong and gives small and small 
amount rotation. The rotation may also small 
the tape axis where the compressive stress 
may relatively large (in the absence axial pull). 
intermediate points where the rota- 
tion may severe. However, points pure 
torsional stress distribution 0), the principal 
directions not rotate. (Mathematically speaking, 
they rotate instantaneously deg the mid 
thickness the tape, where their magnitude van- 
ishes.) principal stresses form fixed angle 
deg the tape axis and their magnitude varies 
linearly with the distance from the mid-plane. Re- 
gions with small stress and large rotations will also 
exist when applied tension the order magni- 
tude min applied. But with very large 
axial pull, the stress substantial tension over 
the whole width the tape, and the rotation will 
everywhere The maximum stresses 
typical tapes are shown Table 


w=0.117 


Thickness 0.0112 in.; width 0.875 in. b:d 


Buckling 


the absence axial pull, middle strip the 
tape longitudinal compression parabolic dis- 
tribution (Fig. and (4)) and may buckle. The 
exact treatment this problem would very 
complicated, that results plate theory will 
used. several counts the twisted tape does not 
fulfill the usual assumptions made the buckling 
plates: strongly bent anticlastic shape; 
has clearly defined points type support; 
and its in-plane loading internal produced the 
twist and can greatly altered the buckling de- 
flections. Furthermore, after the development 
large buckling deflections, the tape appears 
bent series alternating plane isosceles tri- 
angles whose equal sides form constant angle with 
the tape edges. extent, this also indicated 
the antisymmetric shape the photoelastic pat- 
tern the buckled tape appearing the left hand 
photograph the second row both Figs. and 
However, the onset buckling, the deflections are 
very small and the middle strip might well behave 
long plate longitudinal compression, supported 
the edge strips which are under tension. the 
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edge strips were absolutely firm, they would afford 
built-in edge restraint the middle strip. But 
obviously the edge strips can easily rotate and deflect 
small amounts. Probably, the equivalent width 
simply supported middle strip well over the 
width the compressed region. this ap- 
proximate treatment, will assumed that strip 
continuity and low edge restraint balance out and 
that the problem equivalent infinite plate 
width (in the absence any applied 
pull), subjected longitudinal compression. Since 
the loading mid-span much more effective than 
near the supported edges, the compressive stress will 
taken constant over and equal the maxi- 
mum compression the tape axis. Then buckling 
according this very crude theory will tend occur 

Such stress will reached critical twist given 
(5’) with Equations (5’) and (11) 
give: 


For the two tapes with equal and 63, which 
were used the photoelastic experiments, the critical 
twists w,, according (12’) should 0.21 and 
0.26, respectively. Instead, the buckling twist was 
found between 0.156 and 0.188 for the first and 
between 0.156 and 0.208 for the second. Thus, 
might expected, the computed critical twists and 
critical stresses exceed the experimental values. The 
difference the twists about 30% and the 
stresses about 70%. The transverse compressive 
stress too small influence buckling ap- 
preciably. Its only effect could decrease 
the critical longitudinal stress The experi- 
mental critical stress the tested tapes was about 
700 psi 4.8 10° psi), whereas the critical 
twist the transverse stress was well below 
psi. 


Photoelastic Effects Nonuniform 
Stress Fields 


Since, general, the stress field not uniform over 
the tape thickness (Fig. 4), the problem cannot 
strictly treated one plane photoelasticity. The 
effect variation intensity and orientation the 
stresses polarized light has been studied Min- 
dlin and but, simplifying approxima- 
tion, one can refer the earlier work Drucker and 
Mindlin‘ the effect rotation stresses con- 
stant intensity, and also the effect 
stress gradient without rotation. shown that, 
the absence rotation, even the strongest gradient 
possible ordinary photoelastic material does not 
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alter any detectable amount the total birefringence 
calculated for the average stress. conclusion 
remains valid even for the more-sensitive epoxy resin 
used, the thin tape (approx. 0.01 in.), and the result- 
ing higher-than-ordinary gradient stress and bire- 
fringence. Thus all the points with zero negligible 
rotation will show birefringence proportional 
indicated earlier and shown Fig. these are 
the points zero stress the tape edges, and the 
regions with high close the edges and also, 
the absence axial pull, near the tape axis. For 
large axial pull, the rotation will negligible 
throughout the tape. 

the instance constant rate rotation and 
retardation,‘ the ordinary and extraordinary compo- 
nents light are expressed with sufficient accuracy 
complicated trigonometric function the initial 
amplitudes, the photoelastic quantities, the ratio 
twice the rotation the phase retardation, and 
the quantity where: 


true that the results simplify considerably for 
rays integer wavelength retardation. Then the 
state polarization with respect the principal 
stresses incidence identical the state exit 
with respect the rotated principal stresses. Meth- 
ods similar those photoelasticity are 
possible, with only the need correction factor 
However, the tape the rate rotation 
variable and Mindlin and Goodman’s should 
used. 

approximation, one may find the total rela- 
tive retardation integrating Drucker and Min- 
dlin’s‘ results for the variable rotation and stress in- 
tensity through the tape. The result far less than 
one wave length. effect, the superposition the 
highest stresses from twist and axial pull produces 
about half fringe the tape edges and considerably 
less elsewhere. Accordingly, simplifications were 
possible for integer wave length retardations. 

Usually, the relative retardation can multiplied 
repeated passages the polarized light through 
the model. the present problem, however, the 
multiple passages introduce additional rotational ef- 
fects because, the backward travel, the direction 
rotation reversed and changes sign. the ex- 
pressions for the components vibration, the terms 
containing not change with direction passage, 
but Rdo. The results are more complicated 
than single passage and simple correction factor 
applicable even the accumulated retardation 
integer wave length. However, when the rotation 
negligible zero, the multiple passage should give 
results directly proportional the stress Ob- 
viously, this can always achieved when the axial 
pull sufficiently strong, that the method multi- 
ple passages promising for this instance. 
great interest that the results were unexpectedly 
found directly proportional even when the 
rotation was considerable. 
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Photoelastic Tests with Multiple Reflections relative retardation each ray will that the 
original ray multiplied the number passages. 


The method multiple first used Large relative retardations may easily reached. 
photoelastic studies schematically ex- the tape tests, the angle was formed tilting 
plained Fig. addition the regular compo- the mirrors about horizontal axis shown Fig. 
nents ordinary point-source polariscope (light Then the consecutive points passage the 
source collector lens producing parallel beam same ray through the tape are spread the longi- 


light; polaroid polarizer and analyzer tudinal direction the tape and their state stress 
lector lens the system uses also two partially re- identical. 
flecting mirrors M,, one each side the tape The parallel beams rays with the same number 


model. The mirrors are small angle each reflections are easily separated. They are con- 
other that, after each double reflection between angles and form distinct images the 
them, new parallel beam light emerges the point source the focal plane lens The dis- 


right. But with each double between mir- tance between consecutive images where 
rors, the polarized rays pass two more times through the focal distance lens suitable external 
the model. Ray has traversed the model three diaphragm or, preferably, the stop the camera lens 
times; ray five times; ray r;, seven times. (brought close the focal plane easily iso- 
Passage the same ray occurs distinct points lying lates the rays with the required number passages. 
very close each other. the magnitude and di- obtain photoelastic image suitable size, the 
rection the principal stresses not vary through focal lengths the lenses must have the proper rela- 
the model the consecutive points passage, the tions the negative size.’ Also the image separa- 


Fig. 8—Photoelastic photographs after passages through tape. Thickness 0.0112 in.; width 0.705 in. b:d 
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w=0 Twist 18.25 


TABLE 2—OPTIMUM REFLECTIVITY AND INTENSITY FOR VARIOUS NUMBERS PASSAGES 


Relative intensity Ai, m/As——————_ 
For values of m 


Mi, opt opt. 0.500 0.667 0.700 0.750 0.800 

0.500 0.0625 0.0625 0.0576 0.0441 0.0351 0.0256 

0.667 0.0220 0.0156 0.0220 0.0216 0.0197 0164 

0.750 0.0111 0.0039 0.0075 0.0106 0.01111 0.0105 

0.800 0.0067 0.0010 0.0027 0.0052 0.0062 0.0067 

0.857 0.0032 0.0004 0.0012 0.0020 0.0027 

0.889 0.0019 0.0003 0.0006 0.0004 

0.910 0.0012 0.0001 0.0002 0.0005 


tion must exceed the size the source image 
the focal plane or, general, must larger than 
the diameter the cone rays converging through 
the lens stop. 

course, the intensity the various parallel 
beams decreases fast with the number 
Under ideal conditions reflectivity and trans- 
mission each mirror and other losses, 
the relative intensity the beam with passages 


The optimum reflectivity varies with the number 
reflections and can easily found be: 


and the relative intensity the light emerging 
after passages: 


Ai, opt Ay 4(i 1)' (i + 1)**! 


The optimum reflectivity and intensity for various 
numbers passages are given Table 

The intensity drops extremely fast with the number 
passages, but this the price which larger 
retardations are achieved. The tests presently 
described were done with mirrors about 70% 
reflectivity and 30% transmission. With 100-w 
zircon concentrated light source, 5461 mono- 
chromatic interference filter, and 30-in. focal length 
condenser and collector lenses, the exposure time 
needed for the seventh passage with 
Panchromatic film was min. 


Experimental Procedure 


avoid the very high diffusion produced 
unwanted multiple reflections the faces the 
tape, the tape and mirrors were immersed silicone 
oil neighboring refractive index. The equipment 
constructed for pulling axially and twisting the tape 
and for adjusting the tilt the mirrors shown 
Fig. The tape ends are clamped split end 
blocks allowing good alignment. The end blocks 
are pinned heads H,, which are screwed into 
the fixed and movable cross bars straining 
frame, but can turned about the tape axis 
provide any amount twist. The lower head 
ball joint which lightly clamped between conical 
sockets the lower end long tank 2-in. 
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square cross section, that the lower head can 
twisted while the tank remains immovably supported 
the straining frame (support not shown). The 
upper part the tank wider and has glass win- 
dows Inside the windows are the partially 
reflecting mirrors held brass frames. Each 
frame supported three points, through fine 
adjusting screws. Corresponding screws the two 
frames are alignment and have opposite threads 
that common rotation moves the mirrors op- 
posed directions. The screws pass through rubber 
seals and the tank filled with silicone oil. 

The model tape was cast cold setting epoxy resin 
For the first tests, the width was trimmed 0.875 
in. and later 0.705 in. giving width-to-thickness 
ratio and 63, respectively. Measurements 
the optical and mechanical constants showed the 
existence pronounced creep this epoxy resin 
optical coefficient was quite strong, was higher 
and lasted longer under constant load than con- 
stant strain, and was affected temperature 
changes even few degrees. Fortunately, the 
modulus varied similar way, that the 
ratio E/C,, needed the calculations, showed 
much smaller change with time. Between and 
min loading, the value changed from 
about 5350 5000 fringes under constant 
load, and approximately also constant strain. 

beam-compensation method was used. hori- 
zontal C.R. beam subjected pure bending 
was placed just outside the tank the camera side. 
The displacement the parallel beam fringes from 
their normal position gave directly the retardation 
which was accumulated the multiple passages 
through the model. This procedure would exact 
throughout the tape thickness the direction 
the principal stresses were constant and parallel 
those the beam, happens for the regions near 
the edges the tape, and for the regions zero 
average stress. The approximation should par- 
ticularly good high applied axial loads which 
produce large stresses Unexpectedly, the fringes 
appeared very clearly over the whole width 
the tape almost all tests, even with low zero 
applied load, and the photoelastically calculated 
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Fig. 9—Shape photoelastic curves 
various twists and b:d 


Fig. photoelastic curves 


various twists and axial loads. b:d 


stresses agree extremely well with the stress dis- 
tribution the preceding analysis. This seems 
indicate that the total rotational effects are much 
smaller than was originally expected. 


Tests Results 


Photographs the fringe pattern after seven 
passages through the 0.0112-in. thick tape were taken 
twists 0.267 (one turn 23.2 widths) 
and the axial pulls from each twist. 
the higher twists, some pull had applied 
prevent buckling. Typical photographs are shown 
Figs. and for tapes with ratio equal 
and 63, respectively. The tape seen the 
upper third and lower quarter each picture, and 
the superimposed bent-beam compensator the 
middle, protruding both sides the tape. The 
curved fringes the beam compensator, referred 
the lines obtained joining the straight beam 
fringes showing beyond the tape, provide directly 
the variation birefringence the tape. 

The ratio the full height the curve segment for 
the entire width the height the segment for 
(see inset Fig. 11) was calculated for all 
fringes. was found remarkably close 


for all twists and axial pulls, thus showing that the 
fringes are very closely parabolic. Furthermore, 
was found that the depth the parabolic segment 
changes with the twist but almost completely un- 
affected variations axial pull. parabolas 
grouped the value the applied load are shown 
Figs. and for the two tapes width 0.875 
and 0.705 in. should made clear that all 
curves the same nominal load not pass through 
the same point the width where. 
zero, though they pass very close it. 
Figs. and the curves were shifted vertically 
pass through the same point zero the 
left the axis (left end width), but were 
not altered any other respect. 

The only significant quantity varying paraboli- 
cally across the width the tape the average stress 
the average strain Since they result from 
twist which remains constant during the test the 
strain constant and the stress suffers relaxa- 
tion and decreases with time. Accordingly, 
would appear preferable write the basic photo- 
elastic relation terms average principal strains 
the plane the wave front: 
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Fig. 11—Plot height parabolic fringe vs. square twist 


where 


and the optical path seven passages through 
the tape. Since the average stress effectively 


zero throughout the tape, follows that 
and with (15) 


But the quantity known also figure merit, 
varies much less than during creep relaxation, 
and constant. This the great advantage 
(16) over the corresponding stress optical relation 
which involves the strongly varying and 
The difference fringe order between edge and 
axis the tape can written terms the cor- 
responding difference the strains 


With average value equal about 5100 
fringes and 0.0112 in., (17) gives 
f/w? 50.0 fringes/ (radian) 


can seen Fig. 11, the experimental 


are all very close the theoretical, except per- 
haps for very small twists where the measured quan- 
tities are small and the relative error large. The 
results against for both tapes fall remarkably 
well straight line through the origin, with slope 
49.2 fringes 

The complicated situation arising from creep under 
mixed boundary conditions apparent 
problem. The axial pull was constant during each 
test; hence, far concerned, the tape was 
creeping under constant load with resulting in- 
crease birefringence with time. the contrary, 
the constant applied twist resulted relaxation 
the tape under constant strain and with 
corresponding decrease the birefringence due 
them. Even with linear laws mechanical and 
optical creep and relaxation, the intensity the 
resulting birefringence each point changes with 
time and the principal optical directions tend come 
closer the longitudinal tape direction (z-axis). 
However, the long duration each test allowed the 
fast changes take place and the phenomenon 
reach relative steadiness and uniformity. The 
complete phenomenon not easily described. 
approximation supported the experimental 
results, can said that the depth the parabolas 
due constant straining, which characterized 
small and rapid relaxation resulting small errors. 
the contrary, the parallel displacement the 
fringes due constant and subject more 
pronounced and longer creep, resulting the greater 
position errors the parabolas. 


Conclusion 


The photoelastic results show indication any 
unusual effect the points with strong rotation 
any difference behavior between points with 
strong weak rotation. The shape the fringes 
matches extremely well the parabolic distribution 
the stresses strains. can concluded 
also that the approximate analysis the stresses 
the twisted tape substantiated the experimental 
results. The reason for the absence appreciably 
rotational effects will the subject further study. 
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Influence Breadth Bars 
with Reinforced Circular Holes Under Tension 


Photoelastic investigation stress distribution 


epoxy-resin bars includes various proportions circular 


reinforcements and different widths bars 


Heihachi Shimada 


ABSTRACT—This paper reports stress distributions 
epoxy-resin bars with reinforced circular holes under 
tension. The holes were reinforced bonding aluminum 
rings the bars inside the holes. The stress distribu- 
tions were determined photoelastically. 

Various proportions circular reinforcements and 
different widths bars were investigated under pure 
tension. Stress distributions were determined the 
epoxy-resin part the bar, and the maximum shear 
stresses were given special attention. The relation be- 
tween maximum shear stress and the width the bar 
was determined, and the ranges for which the theoretical 
solution for infinite bar approximates that for finite 
bar were defined. 


Nomenclature 

1/d = b/R2. 

half the width the bar. 

width the reinforcement. 

thickness bar. 

inner radius the reinforcement. 
outer radius the reinforcement. 
uniform axial stress. 

poisson’s ratio. 

modulus rigidity epoxy resin. 
modulus rigidity aluminum. 


Heihachi Shimada is associated with Department of Mechanical Engineering, 
Tohoku University, Sendai, Japan. 

Paper was presented title the 1959 SESA Annual Meeting held 
Detroit, Mich., on October 21-23. 
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Fig. piece 


maximum shear stress the edge the 


Tm = 
reinforced hole. 
normal stresses, (x, coordinates. 
Stress components (r, coordinates. 
polar coordinates with origin the center 
the hole. 
Introduction 


The problem reinforced circular holes one that 
occurs frequently the design access holes 
openings airplane wings and fuselages for passing 
piping and electrical wiring the various compart- 
ments. Much time has been devoted the analysis 
such openings. Timoshenko! developed ap- 
proximate analysis for reinforcement around 
cular hole tension field. Sezawa and Kubo,? 
and Gurney‘ continued this work. Reiss- 
ner and developed general solution 
for the reinforcement circular hole for various 
type loadings. The Taylor Model pub- 
lished the results experimental study the 
influence reinforcements for various types 
openings subjected uniform tension. Heller’ 
experimentally tested various types circular 
holes bending with shear. Theoretical investi- 
gations for holes infinite plates were discussed 
references and 10. 
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the ratio the diameter the hole the width 
the bar and systematic variation the degree 
reinforcement. study included check the 
mathematical solution which limited the small 
circular hole. 


Model Construction and Test Procedure 


The resin used for the bar was epoxy resin KT-102 
(made Japan). The reinforcements were made 
aluminum, and the aluminum was bonded the 
epoxy resin with Araldite 121, which sets room 
Very small initial stresses were 
introduced bonding. This shown Fig. 
The shapes and dimensions the models used are 
the error each test piece, two procedures were 
followed. The first procedure was selected in- 
Fig. fringes the test piece under load vestigate the influence the width the bar 
models with the same reinforcement. After the 
first test, the width the specimen was reduced 
machining. Thus, the specimen was tested first 

The experimental investigations conducted pre- with maximum width and, then, with successively 
viously used the same material for the reinforcement smaller widths. The second procedure was selected 
and for the plate web. This paper devoted determine the influence varying degrees 
the effect reinforced circular cutout reinforcement models the same width. this 
which was made epoxy resin with the hole case, the specimen was tested first with solid cir- 
reinforced with aluminum ring, subjected cular plate filling the hole completely. Then tests 
pure tension. The observations were made were conducted with successively thinner circular 
simple polariscope. was the purpose this paper rings for reinforcement. 
study data from photoelastic experiments with Figure shows part the isochromatic fringe 
composite models, which had systematic variation pattern the test pieces. The retardations were 


1/A b/Re 1.07 1/A 1.14 1/A b/Re 1.43 
Fig. fringes the first procedure 1.067 
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TABLE 1—DIMENSIONS AND CONSTANTS MODELS 


6.50 7.50 
4.50 5.00 
4.50 5.00 
3.50 4.00 
3.00 3.50 
2.50 3.00 
5.00 6.00 
4.00 5.00 
3.00 4.00 
5.00 7.00 
3.00 5.00 
4.00 7.00 
2.00 4.00 
4.00 
6.00 
9.00 


TABLE 2—DIMENSIONS AND CONSTANTS MODELS 


No. Ri, 

0.50, 1.00, 2.00 

0.50, 1.00, 2.00 

0.50, 1.00, 2.00 

0.50, 1.00, 2.00 
0.75, 1.50, 3.00 


1.125, 2.25, 4.50 


1.076 
1.111 
1.143 
1.166 
1.200 
1.200 
1.250 
1.333 
1.400 
1.667 
1.750 
2.000 
eo 


foe} 


Ro, 


4.00 
4.00 
4.00 
4.00 
6.00 
9.00 


2b, 


40.00, 30.00, 24.01, 20.00, 16.00, 15.50 
35.00, 30.00, 24.00, 18.00, 12.00, 11.00 


30.00, 20.00, 18.00, 12.00 
30.00, 24.00, 18.00, 12.00, 8.00, 7.00 
30.00, 20.00 


30.00, 20.00, 11.00 


30.00, 20.00, 16.00, 12.00 


20.00, 12.00, 10.00 


40.00, 32.00, 24.00, 16.00 


5.83 

5.82 

5.85 20.00 
5.87 20.00 
5.85 

5.82 

5.91 

6.06 

5.96 20.00 
6.03 20.00 
6.02 

5.98 20.00 
5.82 

5.80 

5.83 20.00 
5.78 20.00 


6.02 
6.03 
6.00 
6.01 
6.04 
6.00 


2b, mm kg/mm? Mis kg/mm? 


40.00 
32.00 
24.00 
16.00 
20.00 
20.00 


124 
122 
122 
124 
124 
121 
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2690 
2690 
2700 
2690 
2690 
2690 


2700 
122 2700 
120 2690 
120 2690 
120 2690 
122 2690 
121 2690 
121 2690 
120 2690 
121 2690 
121 2690 
> 
121 2690 
118 2690 
124 2690 
124 2690 
i, 8, 4, 

4,2 

t 
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measured from the isochromatic fringes. Fractional 
measurements were made the Tardy method 
where necessary. ‘The experiments were conducted 
with specimens designed that the conditions the 
area were not influenced the end-loading 
conditions. 


Stresses Tension Bars 
with Reinforced Holes 


Figures 4(a) and 4(b) show the values the ratio 
around the reinforced hole the boundary 
this case 1/22. these figures, the 
broken lines give the theoretical values for 
infinite bar with the same size reinforced hole. This 
decreased, the maximum value increased and the 
point maximum value 7,, moved nearer 
mum values did not change and the 


the maximum value 7,, did not change. 
seen that the behavior the boundary the 
reinforced hole changes with 

Figure shows part the stress distribution 
the epoxy resin. this figure, the and the 
broken line give the theoretical values for infinite 
bar with the same reinforcement. 


Influence Breadth Bar 


study the influence the width the bar, 
the maximum values around the reinforced 
hole boundary, shown Fig. are considered. 
Again 1/22. This figure shows the experi- 
mental maximum values for series values 
from 1.067 for various values The 
the maximum values are almost constant 
over the full range 1.25, the maxi- 

Figure shows the location the maximum 
values can seen that the location 
constant the same cases for which the value 


Influence the Breadth the Reinforcement 


Figure shows the maximum values 
for series values for values 1/n from 
The values for 1/n are known values. 
For 1/n 0.80 1.25), tm/p the same line, 
when 1.25. for 1/n 0.80, the 
maximum increases decreases. 


Theoretical 
solution 


2.5 


Tm/p 


than the photoelastic material. 
ment, the influence the width bar was studied, 
and was established that the width the bar 
influenced the maximum shear stress when 
1.25. 1.25, the stresses bars with the 
reinforced circular hole used here were the same 
those given the theoretical solution for infinite 
plate. 


Conclusion 


Stresses were studied photoelastically 
with reinforced circular holes for which the rein- 
forcing material had higher modulus rigidity 
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Fig. 7—Point the maximum values for series 


Fig. 5—Normal stresses epoxy resin 
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Fig. 9—Theoretical values around 
the bonding boundary 


Fig. values around 
the bonding boundary 
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Fig. 11—Theoretical values around 
the bonding boundary 
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APPENDIX 


The following theoretical solution for reinforced 
circular hole infinite plate under tension was 
given 


p 1 R.? 3 


92 4 
= + sin 20], 
2(1 


Fig. 12—Theoretical values around the bonding 
boundary 


For reinforcement with aluminum, 


The distributions stresses around the reinforced 
hole the epoxy resin are shown Figs. 10, 11, 
and 12. 


the Transverse-strain Sensitivity Foil Gages 


The conditions under which the transverse-strain sensitivity foil gage filament 
may assume small positive negative values are discussed this technical note 


Meier 


Introduction 


The end loops flat-grid wire strain gages cause 
some transverse gage sensitivity; can readily 
calculated from the grid Foil 
gages are designed with extra-large end connections 
having low resistance order reduce transverse- 
strain sensitivity. Yet, many foil gages have some 
transverse sensitivity; some cases, even nega- 
The cause the transverse sensitivity foil 


J. H. Meier is associated with General Engineering Laboratory, General 


gages must thus different from the cause flat- 
grid wire gages and must suspected that indi- 
vidual foil-gage elements, which are parallel the 
gage axis, have transverse sensitivity themselves. 


stress; positive tensile. 

strain; positive elongation. 

Poisson’s ratio filament material. 

modulus elasticity filament material. 

transmission efficiency transverse strain from 


base material element foil gage. 
specific resistance unstrained filament material. 
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MATERIAL 


BASE 
WIRE GAGE MATERIAL 


(b) FOIL GAGE 


Fig. 1—Cross section through individual 
strain-gage elements 


specific resistance filament material while under 
strain. 

resistance. 

change resistance due strain; positive 
increasing. 

volume. 

change volume; positive increasing. 

Subscripts: 


refers direction the filament axis. 

refers direction transverse the filament axis. 
refers direction perpendicular the surface. 

refers shape. 

refers volume. 


Analysis 


Consider individual wire filament (Fig. 1a): 
The axial strain imposed near the very ends 
shear stresses the bond. uniform stress field, 
the bond does not transmit any strains from the base 
material the wire over most the length. Onthe 
other hand, transmission transverse strain from 
the base material the wire would require “‘squeez- 
the filament all along its length; however, the 
bond not nearly stiff enough relation the wire. 
Transverse deformation the wire thus dictated 
axial strain and Poisson’s ratio, i.e., 


Similarly, the strain the direction perpendicular 
the surface 

= — (2) 

The change shape thus accounts for strain 
sensitivity wire filament defined 

Filaments commercial wire gages have strain 

sensitivity about 2.0, i.e., 


€a 


2.0 (4) 


matter fact, many cases, the strain sensi- 
tivity the wire deliberately selected 2.0 
order obtain the same gage factor the elastic 
and the plastic range. 

Since the elastic range 2v) 1.6, must 
concluded that the specific resistance the fila- 
ment must change due strain. The effect this 
change specific resistance account for the dif- 
ference the actual strain sensitivity the filament 
and the plastic range, however, the 
gage factor all filaments approaches 2.0 which 
indeed corresponds for the plastic range. 
The mechanism the change specific resistance 
the filament the elastic range has not been ex- 
plained. explanation fitting the circumstances 
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would relate the change specific resistance 
the change volume the hypothesis: 
Po {1 + m (€a + €n + Ep) } (5) 
For single wire filament the contribution strain 
sensitivity from the volume change alone would 
thus given 
The total sensitivity the filament can thus 
expressed 


€a €a €a 


(7) 

the hypothesis does hold, must the 
vicinity 1.0 for the most common wire-gage fila- 
ments. 

Now consider element foil gage under 
transverse strain the base material (Fig. 1b); 
order establish transverse sensitivity set 
Transmission the transverse strain from base 
material filament may not perfect, because the 
cement has the filament all along its 
length. transverse strain would 
expected much better, however, than the 
case wire filament. Let assume transverse 
strain ¢e, imposed the filament, where the 
bonding efficiency for transverse strains. 

The filament state plane stress and the 
stresses corresponding the strains and are 


and 
gen E/(1 v?) 
From these stresses and the fact that the 


filament strain the direction perpendicular its 
plane calculated 


The change shape thus accounts for filament 
sensitivity defined by: 


and the change volume responsible for 


From the total eqs and 11, the filament sensi- 
tivity transverse strains can thus calculated 


AR/R 


En 


For the transverse-strain sensitivity would 
expected zero. However, for small devia- 
tions from 1.0, the transverse-strain sensitivity 
foil gage filament may assume small positive 
negative values. 
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Technical Variety Featured Philadelphia Spring Meeting 


Well Organized Activities Contribute Success 


From the welcoming address 
Acting-president Irwin Vigness 
Wednesday morning the parting 
farewells Friday evening, SESA 
meeting-goers experienced varied 
technical program studded with enough 
social and educational activities 
completely fill the three-day Spring 
Meeting Philadelphia, Pa. The 
May affair was run quietly and 
efficiently the Delaware Valley 
Section the Benjamin Franklin 


Technical sessions were held each 
morning and afternoon except Thurs- 
day afternoon when the plant tours 
were made. The numerous other 
ducing the use computers, two plant 
tours, cocktail social hour and 
banquet complete with dinner, some 
unusual entertainment and most 
interesting guest speaker. Among the 
special activities were the authors’ 
breakfasts held each morning help 
organize the presentations the day, 


Starting point and information center for activities the 1961 Spring 
Meeting was the registration area located the exhibits foyer next 


auditorium. 


First event the day, the authors’ breakfasts were 
held each morning. Typical group shows speakers with 
local and national officers before the opening session 


Henry Cook signing William Pittman Baltimore, Md. 


the meetings the standing com- 
mittees, the Standing Committee’s 
Dinner and the meeting the Ex- 
ecutive Committee. Educational ex- 
hibits were view continually the 
busy registration area. Two attrac- 
tive tours were arranged part the 
Ladies’ Program. detail, all the 
events added valuable and 
pleasant opportunity hear and 
meet the leaders the field ex- 
perimental mechanics, make new 
acquaintances and greet old friends. 


Technical Sessions Offer Variety 


The main event the Spring 
Meeting was the series five technical 
sessions, each one consisting four 
original contributions made the 
authors. general, outstanding 
papers were presented number 
varied applications ranging from funda- 
mental investigations practical tests. 
Some these covered new develop- 
ments techniques, instruments 
and instrumentation; the evaluation 
instrumental accuracy; the study 
different physical effects and condi- 
tions: residual stress, internal strain, 
fatigue, thermal fatigue, elasticity, 
plasticity; analyses machine and 
structural components; and others not 
readily classifiable. While variety 
itself, efficient programming and good 
acoustics also helped make the 


Acting-president Irwin Vigness greeted the opening-day 
audience with Welcome.”’ 
recent important developments Society 


also reported 


4 


When SESA friends get together, the topic may stress 
Left right are Treasurer William 
Murray, Clarence Smith, Honorary Member Frank Tat- 
nall, George West, Meeting Chairman Stewart Sennet and Act- 


analysis, or—the weather! 


ing-president Vigness 


sessions success. welcome pause 
came each morning the form 
coffee breaks. 

One the featured attractions 
aroused considerable interest among 
the members present. was the 
theme session devoted 
mental Mechanics High Tempera- 
Present day emphasis prob- 
lems relating high-speed aircraft, 
rockets, satellites and nuclear 
engineering and design, have focused 


attention high-temperature measure- 
ments and testing. result, the 
timely theme session was very popular. 


Seminar Introduces 
Computer Fundamentals 


valuable addition the meeting 
program was the Wednesday evening 
seminar introducing the use com- 
puters those unfamiliar with their 
operation. While engineering students 


are today being introduced these 


Representatives from various sections met discuss affairs the Local 


Sections Committee. 


Left right they are Lemcoe, Butz, 


Excellent turnout helped make Standing Com- 
Committeemen received 
official thanks for their work during past year 


mittees’ Dinner great success. 
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then reconvened later. 


Many may wonder what kind tale Chairman Roscoe Guern- 
sey was telling the Papers and Proceedings Committee war- 
rant such undivided attention. 
and many other details 


However, the group reviewed 


machines, many earlier graduates never 
had this opportunity take advantage 
their possibilities. 'The one-evening 
seminar represented distinct service 
tothesemen. speakers presented 
the basic philosophy, the fundamentals 
programming and the type 
problems which the two kinds— 
digital and antilog—are best suited. 
The actual solution specific prob- 
lem was then discussed using slides. 
Paul Sage General Electric’s Missile 
and Space Vehicle Department dis- 
cussed the digital computer and Keith 
Parthemore DuPont’s Mechanical 
Research Laboratory presented the 
antilog type. 


Plant Tours Visit Unusual Installations 


Two places unusual interest 
were visited Thursday afternoon when 
enthusiastic groups were led guided 
tours the Eddystone Power Station 
the Philadelphia Electric Co. and the 
Space Sciences Laboratory the 
General Electric Co. Some the 
members present were well aware the 
intricate engineering that 


Hard-working Executive Committee heard reports from standing 
committees, deliberated over SESA policies until early morning hours, 
Shown New making point 


while Executive Secretary Bonney Rossi, Acting-president Vigness 
and Treasurer Murray listen table 


tor 
re 


Evening seminar computers aroused considerable interest. Happy group ready embark the two plant 
Stone, chairman the event, shown introducing tours Thursday afternoon, May 11. Both tours 
Keith Parthemore DuPont’s Mechanical Research Labora- proved popular and informative 

tory and Paul Sage General Electric’s Missile and Space 

Vehicle Division 


1ever 
itage 
rvice 
ntals 


had solved make the Eddystone 
Station the world’s outstanding high- 
temperature and high-pressure power 
generating steam plant. For those 
who were not, the trip proved 
real education the latest design 
problems power engineering. 


ds— G.E. tour was very popular, having 
been completely sold out the day before. 
Only persons citizenship status 
ides. were permitted view the advanced 
ssile techniques employed man’s con- 
quest space. Social hour just before banquet Thursday evening was good time make 
eith renew personal contacts. Doing just that are, from left, Past-president Lazan, 
Social Hour Precedes Banquet Honorary Member Frocht, Executive Secretary Rossi and Past-president 
After the plant tours, the cocktail Wenk, Jr. 

hour the Betsy Ross Room seemed 
quite appropriate, putting everyone 

just the right mood gaiety bright idea the day before, managed monologue and few other extem- 
rest enjoy the banquet. With appetites persuade some the ladies present poraneous skits, the speaker the 
hen thus sharpened, the banquet dinner bedeck themselves costumes evening, Francis Bradshaw, was 
was relished all. Frank Tatnall, the Gay Nineties and present songs introduced. 
tion well known the first Honorary and dances the period. With the 
the Member the SESA, acted Master addition Clarence Smith, top-hatted Dr. Bradshaw Reviews 
the Ceremonies and, usual, turned and caned, the effect was hilarious—as Management Crisis 
superb performance. Acting was intended be. After short long-time student well 
hat 


Banquet featured several notable events—including excellent dinner—to make Strictly amateur chorus the spontaneous 
the occasion one remember. Seated head table are Executive Secretary “Gay Nineties was inspired Mr. 
Rossi, Mrs. Sennet, Delaware Valley Section Chairman Moffett, Acting-presi- Tatnall. Performers are tor) Mrs. 
dent Vigness, Master Ceremonies Tatnall, Guest Speaker Francis Bradshaw, Perry, Mrs. Sennet, Clarence Smith, Mrs. 
Meeting Chairman Sennet, Mrs. Vigness, Treasurer Murray, Mrs. Moffett, and Anderson, Mrs. Hovanesian 


Scott, banquet chairman 
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professional consultant 
management, Dr. Bradshaw 
ently chairman the board the 
management consulting firm, Richard- 
son, Bellows, Henry Co. New York 
City. The title his address was 
the Cold War Rela- 
tions Between Technical People and 
and original approach, Dr. Bradshaw 
indicated the weaknesses the man- 
agement functions Western economic 
culture and suggested some ways 
which the deficiencies could cor- 
rected. 


Women’s Program Provides Diversion 


While members and guests were 
busily engaged technical activities, 


Mr. 
his 


ing talk management problems 


Tatnall produced several amusing skits from 
Here serious moment listening 
Guest Speaker Bradshaw. Dr. Bradshaw gave enlighten- 


their wives found time leave the 
Hotel junket their own. 
Wednesday, the ladies took trip 
around historical Philadelphia, visiting 
Independence Hall, Betsy Ross House 
and other places early American 
the group embarked tour 
Longwood Gardens, the world-famous 
cated nearby Chester County, 
Longwood, with its arboretum, flower 
gardens, fountains, pools and immense 
conservatory, proved enjoy- 
able experience even though activities 
were somewhat restricted bad 
weather. 

The attractive Lafayette Room 
was placed the disposal the 


ladies during their stay. Each 
ing, coffee-hour was held prior 
starting off the trip for the day. 


Local Arrangements Committee 


The committee responsible for the 
success the meeting was under the 
direction Chairman Stewart 
Lou Moffett was vice chairman, 
while Bruce Sutton handled general 
arrangements. Other members were 
Cook, publicity and member- 
ship; Owens, technical sessions; 
Scott, banquet; Stiles, plant 
tours; Shore, educational exhibits; 
Stone, seminar; and Swartz, 
finance. The women’s activities were 
conducted Mrs. Sennet, 
Moffett and Mrs. Sutton. 


Delaware Valley Section members and wives who took part 
running the 1961 Spring Meeting. Standing r): 
Sennet, Moffett, Mains, Cook, and Walmsley. 
Seated: Moyer, Mrs. Sennet, Mrs. Moffett, Tatnall and 
Stone 


International Congress Program Include Special Stress-analysis Lectures 


Specially prepared lecture sessions 
stress-analysis techniques, aimed 
fulfilling twofold purpose, will play 
prominent part the program the 
First International Congress Experi- 
mental Mechanics, held November 
1-3 the Hotel New Yorker, New 
York City. Scheduled for Wednesday 
evening, November two 
discussion periods will conducted 
concurrently. 

One session intended for under- 
graduate engineering students and for 
graduates who need review funda- 
mentals. The purpose help inter- 
ested individuals take step beyond 
the elementary college course and 
open the door better understanding 
the theory and application mod- 
ern stress-analysis techniques. Topics 
under discussion will include wire 
strain gages, photoelasticity and brittle 
coatings. fee will charged, but 
those attending must registered 
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for the Congress. Students from local 
colleges are welcome and may attend 
fee, presently set one dollar. 

The other session will cover some 
advanced phases modern stress 
analysis embodied the application 
the new types gages, including high- 
temperature and semiconductor gages. 
One more outstanding speakers will 
engaged discuss various experi- 
ences investigators have had con- 
nection with the use these gages. 
the subject matter, 
emphasis will placed the most re- 
cently developed information, not 
yet widely circulated. 
elementary session, extra fee will 
charged, but the attendees, both 
members and nonmembers, must 
duly registered for the Congress. 

The First International Congress 
Experimental Mechanics will fea- 
ture its main event series morn- 


ing and afternoon technical sessions. 
Each session will devoted the pres- 
entation papers authors who 
have made some significant contribu- 
tion the field stress analysis 
experimental mechanics. This year 
number investigators from other 
nations have accepted invitations 
discuss their original findings 
report the type work being done 
their respective countries. 

The Metropolitan New York Sec- 
tion members, the hosts for this year’s 
Congress, are now the process 
arranging the details for complete 
program technical and social ac- 
tivities. Some these include such 
events banquet featuring foreign 
dignitary who will bring important 
message from abroad, attractive 
ladies program, authors’ breakfasts, 
committee meetings, and full exposi- 
tion equipment, materials and in- 
struments used the field. 
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Hudson 


Semiconductor Strain Gages 


Apr. 27, 1961, the Hudson- 
Mohawk Section held its sixth and 
last meeting the 1960-61 season. 
The meeting took place the Fresh- 
man Dining Hall Rensselaer Poly- 
man Robert Weigle presided. 
Fifty members and guests attended. 

Following pleasant and well- 
attended dinner, Dr. Weigle turned the 
meeting over Charles Duckwald 
conduct the election the officers 
and the advisory board for the 1961-62 
season. Nominated and elected were: 
John Purtell, Watervliet Arsenal— 
chairman; General 
Electric Co.—vice-chairman; Daniel 
Post, Rensselaer Polytechnic Institute 
—secretary; Louis Estabrook, 
General Electric 
Robert Weigle, Watervliet Arsenal, 
Gabriel Horvay, General Electric 
Co., Lewis Assini, Rensselaer 
Polytechnic Inst., Samuel Levy, Gen- 
eral Electric Co.—Advisory Board. 

After the election, De- 
Michele introduced the speaker, War- 
ren Mason, who spoke “Recent 
Developments Semiconductor 
Strain Dr. Mason heads the 
Mechanics Research Group the 
Mathematical Research Department, 
Bell Telephone Laboratories, Murray 
Hill, 

his talk, Dr. Mason discussed 
the piezoresistive properties certain 
semiconducting materials and how 
these properties have been utilized 


strain gages. was noted that this 
type gage attractive because 
its high gage factor compared 
conventional gages. The effect 
doping the crystal, temperature and 
crystallographic orientation the 
sensitivity was 
some examples were given the 
application semiconductor elements 
practical strain measurement prob- 
lems. Among these were force trans- 
ducers, torque transducers, acceler- 
ometers and strain rosettes. lively 
question period followed the talk, 
indicative the great interest created 
these simple devices. 


(Reported by T. Slot for the Hudson-Mohawk 
Section) 


Milwaukee 


Strain-gage Techniques 


The April meeting the Mil- 
waukee Section was held the ESM 
building Apr. 27, 1961. Thirty- 
four members were present. This was 
the final meeting the year. 

The Treasurer’s report was pre- 
sented and approved. Officers for the 


Bulletin 
Three New Sections 
Approved 


May 10, 1961, the Execu- 
tive Committee voted into mem- 
bership the SESA three new sec- 
tions. They are named Great Salt 
Lake, Pacific Northwest and To- 
ronto-Hamilton. 
organizing representatives these 
areas are Clifford Barton, 
Emmet Day and John Root. 


1961-62 year were nominated 
follows: Chairman—Quentin Hein, 
The Falk 
Donald Niles, Outboard Marine 
Research; Secy-Treas.—Robert 
Johns, Belle City Malleable Iron Co.; 
Director Bloedorn, 
Chain Belt Co. unanimous ballot 
was voted. 

Bill Bloedorn, retiring chairman, 
presented the annual Chairman’s re- 
port. prime interest 
announcement that the 1962 annual 
meeting the National Society will 
elected Chairman the Preparations 
Committee prepare for the meeting. 

James Dorsey, chief engineer 
the Strain Gage Division Baldwin- 
Lima-Hamilton, spoke De- 
velopments Tech- 
described the types 
strain gages available present and 
listed precautions which 
observed their use. made par- 
ticular mention wound gages, tem- 
perature compensation, semiconduc- 
tors, foil gages, and monofilament 
gages. During the discussion period 
following the talk, described meth- 
ods gaging highly extensible rubber- 
like materials. The large number 
questions and comments were 
indication the interest shown Mr. 
Dorsey’s excellent presentation. 


(Reported by D. E. Niles for the Milwakee Section) 


PIEZORESISTIVE GAGES RPI 


Warren Mason addresses the Hudson-Mohawk Section its April 
meeting. spoke “‘Recent Developments Semiconductor Strain 
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Talbot Laboratory, University of Illinois 


ROARK RETIRE FROM 
UNIVERSITY WISCONSIN 


man who has given most his 
adult life the study stress and 
strain applied metal and concrete 
retires from the University Wiscon- 
sin faculty this year. 

The man Raymond Roark, 
professor engineering mechanics 
the College Engineering. 
long time member the SESA. 

Prof. Roark started out civil 
engineer, but his interest the 
strength and safety the structures 
had design civil engineer led 
him into the engineering-mechanics 
field. joined the engineering- 
mechanics faculty instructor 
1913. After serving field artillery 
captain with forces World War 
returned teaching. His 41- 
year teaching and research career 
was interrupted only briefly 
big-game hunting trips Africa and 
Indo-China. 

Many technical articles Prof. 
Roark’s research the field statics, 


= 


4 


dynamics, strength materials and 
aerodynamics have been published 
engineering journals. 

Prof. Roark also the co-author 
textbook, ‘‘Mechanics for Engineers: 
Statics and Dynamics,” widely used 
for many years, and the sole 
author what called the engineers’ 
stress-strain bible, entitled 
for Stress and Strain.” Three edi- 
tions this basic engineering handbook 
have been published since 
printing 1938, and Prof. Roark 
now working 4th edition in- 
corporate the results research 
present-day stress analysis problems 
nuclear power and space technology. 


MATERIALS UNDER 
THERMAL STRESSES 


short course, Under 
Thermal Stress” will given August 
27-September The Pennsylvania 
State University and will under the 
direction Joseph Marin, professor 
engineering mechanics. 


SWRI STRAIN-GAGE CONFERENCE 


Members the 1961 “‘Strain Gage course given under the joint 
sponsorship the SESA and Southwest Research Institute, San Antonio, Tex., April 


17-21. 
Lemcoe and William Murray 
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Standing the rear are three the lecturers: (left right) Peter Stein, 


The object the course pre- 
sent intensive treatment the pres- 
ent state the art thermal stress 
analysis and interpretation. The pre- 
sentation will based mainly in- 
formation developed within 
five years, some which has not re- 
ceived general publication. 

The course will presented 
Manson who chief, Materials and 
Structures Division, NASA. 
will given each morning while dis- 
cussion and study will take place 
the afternoon. Enrollment 

For further information write to: 
Engineering Seminars, Conference Cen- 
ter, Pennsylvania State Univer- 
sity, University Park, Pa. 


ACADEMIC YEAR INSTITUTES 


The Institutes Section the 
National Science Foundation was es- 
tablished provide programs that 
will enable teachers obtain more 
complete and up-to-date knowledge 
ticular subject-matter fields. Two 
types institutes provide training 
during the academic year—namely, 
Academic Year and In-service In- 
stitutes. The former afford teachers 
the opportunity spend full year 
study subject matter, usually 
the graduate level. 

In-service Institutes are designed 
establish supplementary training 
programs for some 9000 secondary 
school teachers science and math- 
ematics. Participants 
tional knowledge subject matter 
during after school hours 
Saturdays. 

During academic year 1960-61 
there are Institutes operation 
granting support approximately 1500 
teachers. About 15,000 applications 
were received the participating in- 
stitutions for admission 
gram. The budget for the Academic 
Year Institutes program exceeds nine 
million dollars year. 


JIM RYAN “AT 
AFTER YEARS 


James Ryan, professor the 
Mechanical Engineering Department 
the University Minnesota, May 
22, celebrated the completion 
years service the staff. Many 
his former students friends 
visited his office and research labora- 
tory where special exhibit was ar- 
ranged display instruments has 
invented and his automotive crash 
safety equipment. 

Ryan expressed his satis- 
faction over having had the oppor- 
tunity, during the past years, 
service and thanked all those who 
have participated his many ac- 
tivities. 
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Three Short Intensive Courses 


STRAIN GAGES PHOTOELASTICITY 


the DEPARTMENT ENGINEERING 
UNIVERSITY CALIFORNIA LOS ANGELES 


FOR WHOM INTENDED 


These three courses have been designed present 
program theory and practice, including review 
fundamentals and discussions some the latest tech- 
niques, especially those suited high and low temperature 
strain gage applications. Attention will also given in- 
strumentation, which, many cases, can used equally well 
with other kinds transducers. 

The courses are intended primarily for those with bachelor’s 
degree engineering, physics, metallurgy. 
However, certain cases, experienced technicians without 
degrees can expected gain full benefit. 

The material content the courses, although presented 
largely from the point view the mechanical engineer, has 
been selected provide maximum benefit for those who are 
already skilled stress analysis but who may have little experi- 
ence electrical instrumentation, and likewise for electronics 
experts who may not quite familiar with certain aspects 
stress analysis. 


STRAIN GAGE LECTURE COURSE 
August 25, 1961 (Monday through Friday) 


The first the two strain gage courses will consist 
series lectures supplemented with illustrative demonstra- 


Some these lectures have been prepared especially for 


beginners and consequently are elementary nature; how- 
ever, other lectures much more advanced character will 
also included the series. The latter group will contain 
detailed information, especially relating high temperature 
strain gages, which will useful those who already possess 
considerable experience. The content the course has been 
selected and organized for maximum benefit designers, 
metallurgists, laboratory workers, laboratory supervisors, theo- 
retical stress analysts, and others, who wish advance their 


relating the uses strain gages and the tech- 


niques which are available for producing optimum results. 
Both the theoretical and practical aspects strain gages 


methods installation, and allied equipment, will 
presented the lectures. Details strain gage applications 
measuring force, torque, bending, shear, and accelerations, 


will discussed well simple electric circuits for automatic 
computation quantities which depend upon the simultaneous 


observation strains more than one location. 
The following will included the topics which are 


presented: 


Basic theory Wire, Foil, and Semi-Conductor strain gages 

Details gage characteristics 

Techniques for installing gages 

Mechanical and Electrical aspects the gage system 

Fundamental Laws Measurement 

Electric Circuits for strain gages 

Dynamic and Static Strain Measurements 

Computing Bridge circuits for direct measurement quan- 
tities depending upon several strains 

Stresscoat Auxiliary Tool 

Measuring systems and instruments 

Low-temperature applications strain gages 

High-temperature strain gages and their installation 

Commercial Equipment 

Rosette analysis and interpretation observations 


FURTHER INFORMATION, call write, 


STRAIN GAGE LABORATORY COURSE 
August September 1961 


For those who wish gain personal experience the in- 
stallation gages and the handling equipment, second 
course containing series laboratory experiments will 
offered. The laboratory program supplementary the lec- 
ture course. will consist set projects, each containing 
one more experiments, which have been designed illustrate 
the topics taken the lecture course during the previous 
week. The following exercises will included provide prac- 
tice the practical applications strain gage techniques: 

Strain Gage Installation for normal and high temperature 
applications 

Static observations with single and multiple gage bridges 

Dynamic strain Measurements 

Characteristics and checking electrical equipment used 
with strain gages 

Strain Rosette Analysis 

Characteristics and handling certain commercial equip- 
ment 

Measurement Force, Torque, Bending, and Moments 
inaccessible locations 

Since the benefits which can obtained attendance 
the laboratory program depend large extent upon under- 
standing the underlying theory, registration the laboratory 
course will limited those who have attended the previous 
lecture course, its equivalent prior years. 


INDUSTRIAL PHOTOELASTICITY 


(Lectures Laboratory) 
September 1961 (Tuesday through Saturday) 


The course Industrial Photoelasticity will review the 
fundamental theory and laboratory techniques related the 
classical applications polarized light for solving stress prob- 
lems. addition this, discussions some the most 
advanced techniques, including Three-Dimensional Photo- 
elasticity and Photoelastic Surface Coatings (PhotoStress), 
will also presented. 

The course will emphasize the ways which photoelasticity 
can used solve industrial problems. Attention will also 
given the advantages and limitations the method and 
its relation other experimental techniques with which may 
often combined most effectively. 

Tae material will presented through lectures, 
tions, and laboratory exercises. Consideration will 
given the properties and selection photoelastic materials 
laboratory. This program has been designed especially for the 
engineer metallurgist who has little previous knowledge 
the subject. 


(Monday through Friday) 


TUITION 
The tuition per registrant for each course will follows:— 
Strain Gage Lecture Course $175.00 
Strain Gage Laboratory Course $175.00 
Industrial Photoelasticity $200.00 


ENGINEERING EXTENSION, DEPARTMENT ENGINEERING, 
Room 6266, ENGINEERING-PHYSICAL SCIENCES BUILDING, 
UNIVERSITY CALIFORNIA, LOS ANGELES, 24, CALIFORNIA 
Telephone GRanite 3-0971, Extension 369 
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conjunction 


FIRST INTERNATIONAL CONGRESS 
EXPERIMENTAL MECHANICS 


Hotel New Yorker November 1-3 


All one floor New York’s famous and popular 
lively exhibits what’s what experimental me- 


Manufacturers all types engineering and scientific 
equipment used this field are invited exhibit. 


Hundreds engineers and scientists involved instru- 
mentation, measuring such mechanical quantities stress, 
strain, load, displacement, acceleration, pressure, and vibra- 
tion, will attend. These men are most directly concerned 
with specifying, buying and using equipment. 
Choice booths now available 
fit all budgets. 
sure attend! 
SESA HEADQUARTERS 
FOR FURTHER INFORMATION WRITE: BRIDGE SQUARE 
WESTPORT, CONNECTICUT 
or circle No. 20 on Readers Information Card 
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